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B-1 Methodology for Well Installation

B-1.1 Drilling Operations

Monitoring wells for the TEAD Environmental Survey were drilled using hollow
stem auger, mud rotary, and cable tool techniques. Drilling contractors were
F.M. Fox and Associates, Denver, Colorado for the hollow stem auger and Scott

Stephenseon Drilling, Fillmore, Utah for the mud rotary and cable tool.

Ten wells and two borings in the South Area were completed using the hollow
stem auger; one boring (5-9) was discontinued at a depth of 111 feet, and was
capped. One well (N-8A) and one boring (N-2A) in the North Area were drilled

with the hollow stem auger.

Drilling procedures were followed as outlined in the Technical Plan. The
nch hole, rather than a 10-inch hole was
drilled at most sites. It was determined that if caving were not a problem,
it was more efficient to drill a smaller hcle, remove the auger, and then
install the casing, because the drilling efficiency of the larger auger
decreased rapidly at depths greater than 40 feet. If caving was a

problem, the hole was drilled with the smaller auger, reamed with the larger

auger, and the casing was installed through the hollow stem.

Difficulties forcing bore abandonment were encounterd at three locations:
N-2A, $-15, and $-9, Large quartzite boulders and cobbles halted drilling at
N-2A and S-15. S-9 was abandoned due to sticky clay and the limit of the
auger capabilities. Upon completion of the field program assessment, it was

determined that it was unnecessary to complete these wells.,

Split spocon samples were taken every 5 feet and were described by the Ertec

hydrogeclogist in accordance with USATHAMA requirements. Exceptions to the
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B-2

sampling intervals cccurred when drilling through gravels in which there was

auger refusal.

Four wells in the North Area were drilled using the mud rotary technique.
These wells ranged in depth from 65 feet (N-3B) to 709 feet {N-6). Drilling
procedures were followed as outlined in the Technical Plan. Rotary wash
samples were obtained over 1-foot intervals every 5 feet, i.e., the hole was
circulated with mud for approximately ten minutes after drilling 5 feet, to
ensure that most of the cuttings were removed and then the sample was
collected during the drilling of the next foot. At 15-foot intervals (the end
of each drill rod), the drill stem was removed and a split spoon sample was
attempted. Exceptions occurred when the drilling proceeded through gravels,
in which case it was impossible to recover a sample. The split spoon sampler
was driven using 600 pound cable tool jars. All samples were collected and
logged by the Ertec hydrogeologist in accordance with USATHAMA requirements,
as set forth in the Ertec field manual and in Appendix C (revised) of the ori-

ginal proposal for this project.

Major drilling problems encountered were lost circulation, caving, and zones
consisting of large quartzite boulders and cobbles, Generally, circulation
was regained by thickening the mud, but in one case {N-3A), circulation losg
was so extreme (thousands of gallons) that it was necessary to use mica flakes
as lost circulation material. &t N~6, circulation loss and caving were severe
enough that rotary drilling could not continue past 30 feet. This necessi-
tated drilling with a cable tool rig and setting surface casing to a depth of
100 feet before drilling was resumed with the rotary rig. At N~7 3600 gallons
of mud were lost in the first 4 feet of drilling, N-7 was then also started

with the cable tool riq.



Large quartzite boulders and cobbles presented the most challenging problenm
for the rotary rig. This lithology was previously undocumented at TEAD,
except for some shallow holes drilled by the U.S. Army Environmental Hygiene
Agency near the North Area Industrial Waste Pond in August, 1981. The depths,
extents, and drilling difficulties in these materials were unknown, and there-
fore unanticipated. These boulders were extremely hard, and there was little
fine material between them. Therefore, a natural sieve was created, drilling
mud was lost, and drill bits were very quickly worn down. The use of the
rotary rig became very inefficient, and it was for this reason that the cable

tool rig was employed.

The cable tool rig was used to drill two wells in the North Area (N-2C and
N-4), Two wells were started with the cable tool (N-6 and N-7). N-6 was
later completed with the rotary rig, and drilling cn N-7 was stopped at 75
feet, when this well was deleted from the drilling program. N-2B was drilled
to 65 feet where bedrock was penetrated. S5-1 was also drilled with the cable
tool because flooding at this drill site prohibited the use of the auger rig
before the auger program was completed. When access to the drill site was

available, the cable tool was the only rig still at TEAD.

Samples of drill cuttings from the bailer used in drilling operaticns were
collected continucusly when drilling with the cable tool. Split spoon samples
were obtained when feasible by driving the sample with the cable tool jars.
Surface casing driven by the cable tool was removed from wells N-2C and N-4.
Surface casing was left in N-2B, N-6, and N-7, Numerous attempts to remove
the surface casing from N-2B failed. 'The casing was left in N-6 and N-7 to

prevent further caving; it is above the water table in both bores.

IR
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B-1.2 Well Construction

Well construction procedures were followed as outlined in the Technical Plan.
The major exceptions were the use of 4.5 inch 0.D. Schedule 40 pelyvinyl
chloride (PVC) rather than 4-inch 0.D. Schedule 80 PVC and that Well N2C was
completed with 2-inch 0.D. Schedule 40 PVC casing. Table 1 lists the

construction materials, and source or supplier of materials.

N-2C was the only well to be completed as a 2-inch diameter well. It origi-
nally had been constructed as a 4.5 inch well, but when well development com-
menced, the 3.75-inch bailer was unable to proceed past a depth of 20 feet.,
Upon inspection by the Ertec field hydrogeologist, it was observed that there
was a bulge in the PVC, prohibiting the passage of the bailer. This bulge
occurred at a flush-threaded joint. It is not known if this was caused by a
defect in the PVC. A crack was also observed, therefore a decision was made
to recase the well with 2 inch PVC and emplace a second gravel pack and ben-
tonite seal. It was determined that this method was more cost-effective than
drilling a new well while still providing an uncompromised sample for chemical

analysis.

All lithologic summaries, well construction summaries, and geophysical logs

for wells and bores are found in Appendix C.

B-1.3 Well Development

Well development was generally completed following the procedures outlined in
the Technical Plan. Wells in the South Area were not drilled with mud, and
the aquifer material consisted of very fine grained silts and sands.
Therefore, most of these wells were very particulate-laden, and in many cases

the transmissivity was so low that the well could be bhailed dry very easily.
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Material

Table 1. Well Construction Materials

Brand

PVC Casing

PVC Screen

Bentonite (drilling

fluid)

Bentonite (granular)
Bentcnite (pellets)

Gravel/sand pack

Cement

4.5 inch 0.D.-Schedule 40,
flush-threaded/2.0 inch
O.D.-Schedule 40, flush threaded

.050 slot, 4.5 inch 0.D.-
Schedule 40, flush threaded/
2.0 inch 0.D.-Schedule 40,
flush threaded

Aquagel

Big Horn

8-12 silica sand

Portland Type II
"Utah Cement"

Source/Supplier

Timco Mfg., Prairie du
Sac, Wisconsin

Timco Mfg., Prairie du
Sac, Wisconsin

NL Baroid, Evanston,
Wyoming

Nova Mud, Orem, Utah
Nova Mud, Orem, Utah

Colerado Silica Sand,
Colorado Springs,
Colorado/ supplier-
Vinten Pipe Co., Salt
Lake City, Utah

Ideal Basic Industries,
Salt Lake City, Utah



For these wells, the development method consisted of bailing the well dry,
allowing full recovery and bailing dry again. This method was repeated a
minimum of five times for each well. If it appeared that a well could recover

fairly rapidly (a minimum of 2 gallons per minute), a submersible pump was

11
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urther development. The well was then pumped for a minimum of two
hours, and pH, Ec, temperature, and sand content were monitored as outlined in

the Technical Plan. Table 2 shows the method of development and the amount of

water removed from each well.

All wells drilled by the mud rotary techniques were bailed until the well was

free of drilling mud. Pump tests were conducted with the use of a submersible

At Well N-6, the well was continually bailed dry, and it was beliesved that the
mud cake used te prevent lost circulation was too thick to allow for proper
well development. Attempts to clean the well using drilling water from
existing Well #1 failed, and upon USATHAMA approval, 100 pounds of sodium acid
pyrophosphate (SAPP), a dispersing agent, were added to the well, The well
ith a bailer, but most recent water level measurements

{(June 1982) indicate that the well is dry.

B-2 Methedology for the Collection of Soil, Sediment, and Surface-Water
Samples

B-2.,1 Soil Samples

Soil samples used for chemical analysis were collected from borings using a
split spoon sampler. The spoons were cleaned carefully with a wire brush,
rinsed repeatedly in distilled water, and wiped dry with a clean dry rag prior
to sampling. Samples were taken in borings installed with the auger by

attaching the spoon to an A-rod, lowering it down the center of the hollow



Table 2. Well Development

Total Amount of Date Development

Well Development Method Water Removed {(gallons) Completed
S-1 pump, 18 gom 2840 6/1/82

S-2 bail/pump; 1 gpm 482 4/20/82
S5-3 bail/pump; 12 gpm 1110 4/18/82
5-4 bail - 216 4/20/82
5-5 bail/pump; 11 gpm 1980 4/18/82
$-6 bail - 104 4/19/82
5=-7 bail - 151 4/20/82
s-8 bail - 103 1/20/32
5-10 bail/pump; 4 gpm 842 4/19/82
S-12 bail - 36 4/20/82
S-14 bail/pump; 9 gpm 985 4/18/82
N-2C pump; 1 gpm 45 6/12/82
N-3a pump; 15 gpm 3843 6/17/82
N-3B bail - 46 6/4/82

N-4 bail/pump; & gpm 770 6/3/82

N-6 bail - dry 4/20/82
N-8B bail/pump; 18 gpm 7298 3/2/82



stem auger and driving it into the soil. Upon removal of the spoon, we care-
fully inspected the contents, removed the upper 6 inches (or more) of slough,
scraped the sides of the sample with a stainless steel blade to remove smear,
and placed portions of the sample in a wide-mouth amber glass jar with a
flon-lined plastic lid. Samples were immediately placed on ice and sent to
the lab within 48 hours of collection. Samples were obtained in this manner
from Wells S-1, S$-2, and S-8 and from Boring S-11. The 11 split spoon samples
from Well N-3A were taken with a slightly modified procedure using a down-hole
hammer to drive the sample. These borings were drilled by the mud rotary
method. Also, greater care was taken in removing the sample from the spoon as
drilling mud sometimes contaminated a portion of the sample. The initial
sample from Well N-3A was taken as a grab sample. A soil sample from the pro-
posed site of N-1 also was taken as a grab sample. Although N-1 was deleted
from the drilling program, the sample was analyzed, and labelled N-1, GS1.

Table 1 lists the soil samples collected for chemical analysis.

B-2.2 Sediment Samples

Eight samples of sediment were collected for chemical analysis, four from the
TEAD North Area, and four from the TEAD South Area. In the Technical Plan, it
was proposed that sediment samples be taken at points immediately dovnslope
from the locations of surface water samples. With the exception of sample
N-SD3, which was collected immediately belcw the location of N-SW2 (the
industrial waste pond), it was determined by field personnel that this method
was not feasible for the remaining sediment samples as there was no surface

water flow at the sample locations.

For the remaining seven locations, the pProposed sampling site was inspected by

field personnel for fine-grained materials which were likely to have been



Table 1. Soil Samples for Chemical Analysis

Field Sample Sample Date
Site I1.D. Site Type Sample No. Depth (Feet) Method Collected
N-3A Well GS-1 1.0 Grab 2/27/82
N-3A Well §5-3 10.75 Split spoon 2/27/82
N-3a Well 58-5 20.75 Split spoon 2/27/82
N-3n Well 858-7 30.75 Split spoon 2/27/82
N-3A Well §5-9 40.75 Split spoon 2/27/82
N-3A Well S5-11 50.75 Split spocon 2/27/82
N-3a Well 88-13 60.75 Split spcon 2/27/82
N-33a Well §5-15 70.75 Split spoon 2/27/82
N-3A Well 58-17 80,75 Split spoon 2/27/82
N=-3A Well SS-19 90. 75 Split spoon 2/27/82
N-3A Well $s8-22 100.15 Split spoon 2/27/82
N-3a Well SS-30 138.75 Split spoon 2/27/82
5-2 Well 85-2 5.5 Split spoon 2/19/82
5=2 Well SS5-6A 25,3 Split spoon 2/19/82
5-2 Well 8S-10 45,75 Split spoon 2/19/82
S-8 Well 55-4 15.7 Split spoon 3/02/82
S-8 Well 85-9 40,75 Split spoon 3/02/82
S-8 Well §S-12 55.75 Split spoon 3/02/82
s-8 Well S5-14 65.55 Split spoon 3,/02/82
5-8 Well 55=17 80.55 Split spoon 3/02/82
5-11 Bore CS-1 17.45 Split spoon 2/22/82
S-11 Bore CS=-2 36.935 Split spoon 2/22/82
5-11 Bore S5-16 76.25 Split spoon 2/22/82
5-1 Well 55-2 5.75 Split spoon 5/27/82
5-1 Well 85-3 10.6 Split spoon 5/27/82
S-1 Well S5-4 15.6 Split spoon 5/27/82
s-1 Well SS5-5B 20.7 Split spoon 5/27/82



stream-deposited. Three of the proposed sampling sites in the North Area (the
dry wash entering the south boundary near N-7, South Willow Creek, and the
mouth of the unnamed wash near N-8) were eliminated because there was no avi-
dence of recent sediment deposition. These sites were replaced by taking
sediment samples from the industrial waste pond (N-SD3), and the radioactive

waste storage area (N-SD4).

Sediment samples were taken with a stainless-steel spade, which was cleaned
carefully with paper towels and then rinsed theroughly with distilled water.
Samples were taken from a depth of approximately 3 to 5 inches below ground
surface. Samples were placed in wide mouth amber glass jars with Teflon-lined
plastic lids, were stored at 4°C, and were sent to the laboratory within 48
hours of collection. Sampling locations were marked with 4-foot wooden stakes

painted fluorescent orange.,

Table 2 is a list of sediment samples taken for chemical analysis.

B-2.3 Surface-Water Samples

Six surface water samples, three from the North Area and three from the South

Area were collected for chemical analysis. The samples were all from standing

water or depot effluents; no flowing streams were found at this time,

Samples were collected by partially immersing the containers in standing
or flowing water. The types of containers and preservatives used are listed

in Section B-4, Care was taken to prevent loss of preservative.

Field temperature, pH, Eh, and specific conductance were measured for all
surface water samples. Because most samples consisted of standing water fronm

ponds or lagoons, or the flow was very low, these measuremsnts were not taken

-
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Table 2. Sediment Samples for Chemical Analysis

Field Sample Sample Date
Site I.D. Site Type Sample No. Depth (ft) Method Collected
N=-SD1 Ditch N=-SD1 0.5 Grab 4/3/82
N-SD2 Ditch N-SD2 0.5 Grab 4/3/82
N-SD3 Pond N-SD3 0.5 Grab 4/4/82
N-S5D4 Ditch N-SD4 0.5 Grab 5/26/82
5-8D1 Ditch 5-5D1 0.5 Grab 4/4/82
5-SD2 Ditch 5-8D2 0.5 Grab 4/4/82
5-503 Ditch 5-5D3 0.5 Grab 4/4/82
S=5D4 Ditch 5-5D4 0.5 Grab 4/4/82

N-1 Surface GS-1 0.75 Grab 4/4/82



B-1:C

in situ. 1Instead, a beaker was rinsed out several times with a sample of sur-
face water, and then a portion was obtained to thermally equilibrate the
buffer solutions. A fresh sample was then obtained Ffor the actual field

measurement.

Samples were stored at 4°C immediately, and delivered to the laboratory within
48 hours of collection. Table 3 is a list of the surface water samples

collected for analysis.

B-3 Methodology for the Collection of Ground-water Samples

B-3.1 General

Ground-water samples were collected using one of the following techniques: 1)
bailing the well using a stainless steel and teflon bailer; 2) pumping the
well using a nitrogen-iriven double~acting piston pump made of stainless steel
and Teflon (the Bennett pump); or 3) pumping the well by means existing pumps
in water supply wells. This latter case occurred for the seven existing wells
that we sampled on the Depct. We had no control over pump or casing
materials, or over drilling and construction methods. Therefore, a lower
degree of confidence is placed on the analytical results obtained for the

existing wells than on those obtained for newly constructed monitoring wells.

Ensuring that representative aguifer samples could be obtained is an extremely
important part of the ground-water sampling procedure. We employed several
approaches in determining whether sufficient water had been evacuated from the
well to produce a proper sample. Generally, procedures developed by Ertec for
USATHAMA for the Rocky Mountain Arsenal sampling program were followed. TIn
the South Area this was not a critical problem. All wells were pumped dry

repeatedly during development because the transmissivity of the aquifer zones

= Ereer



Table 3. Surface-Water Samples for Chemical Analysis

Field Sample Sample Date
Site I.D, Site Type Sample No. Depth (Feet) Method Collected
N=-SW1 Pond N~-SW1 0.5 Grab 4/5/82

N-SW1R 0.5 Grab 6/23/82
N-SW2 Pond N-SW2 0.5 Grab 4/14/82
N-SW3 Lagocon N-SW3 0.5 Grab 6/23/82
S-5W1 Pond 5-8SW1 0.5 Grab 4/6/82

S=SWiR 0.5 Grab 6/24/82
S-5W2 Standing Water 5-5w2 0.5 Grab 4/15/82
5-5W3 Ditch S5-SW3 0.5 Grab 5/4/82



penetrated by the wells in this area is rather low. Since drilling fluids
were not used during drilling or construction of any of these wells, pumping
the wells dry guarantees recovery of 100 percent aquifer water. However,
since these wells, for the most part, were not sampled within one day after
being pumped dry, there is a possibility that some of the more highly volatile
contaminants might have been lost. Therefore, wells that were not pumped dry
within 24 hours of being sampled were closely monitored using flow-through
cell procedures. This has been the case for wells in the North Area and all
existing wells. The flow-through cell, discussed at length in the technical
plan, allows for the measurement of pH, Eh {oxidation-reduction potential), EC
(electrical conductivity), and temperature without allowing exposure to oxygen
in the air and the subsequent chemical changes that immediately would occur.
These parameters were monitored carefully while water was being evacuated from
each well, When readings stabilized sufficiently to ensure that pumped water
was representative aquifer water, samples were collected. Immediately
following sample collection, parameters were again monitored to note any
changes that might have occurred. 1If significant changes occurred in any of
the parameters, the well was resampled when the parameters again stabilized,
Table 1 lists the wells sampled along with method and date of sampling and

amount of water evacuated before the sample was collected.

Ground-water samples at each site were collected in a series of nine sampling
containers supplied by UBTL. These containers were pre-packaged with preser-
vatives added by the lah. The type of container and preservative added for
specific analytes are included in Appendix B-4, fThe only filtering done in the
field was for the sample used for metals analyses. Filtering was accomplished

using a Geofilter Filter apvaratus with 0.45 m filters. All samples were

= Ertec



Volume of

Table 1.

Ground-water Sampling

Water Evacuated

Well No. No. Casing Volumes Gallons Date Sampled How Sampled

NORTH AREA
Well 1 >10* >1000 3/30/82 existing pump
Well 2 >10%* >1000 3/30/82 existing pump
Well 4 >10 2750 3/31/82 existing pump
Well 5 16 1500 4/14/82 existing pump
well 6 >10* > 250 4/4/82 existing pump
N-2C dry 24 6/24/82 Bennett pump
N=32 0.5 36 4/5/82 Bennett pump
N-3B dry 2.6 6/23/82 Bailed
N-4 2.2 40 6/24/82 Bennett pump
N-8B (1) 0.9 39 5/3/82 Bennett pump
N-8B (2) 0.7 38 5/3/82 Bennett pump

SOUTH AREA
Wall 1 >10* >1000 3/31/82 existing pump
Well 3 >16 8540 4/15/82 existing pump
s-1 2.5 27 6/24/82 Bennett Pump
S5-2 Te3 22 4/29/82 Bennett Pump
S-3 3.2 44 4/29/82 Bennett Pump
§-4 dry 21 5/2/82 Bailed
§-5 1 16 5/2/82 Bennett Pump
S5-6 dry 76 4/28/82 Bannett Pump
5-7 1 21 5/3/82 Bennett Pump
5-8 dry 8.6 5/3/82 Bennett Pump
S-10 1 15.4 5/2/82 Bennett Pump
S-12 dry 13,2 4/28/82 Bennett Pump
S-14 3 51 5/2/82 Bennett Pump

*

pumped regularly for Depot use



B-16

collected using teflon tubing. The sampling procedure was amended slightly
during the sampling program to improve sample quality for the metals samples,
Instead of supplying preservative spiked sample containers for this sample,
the laboratory supplied reagent grade concentrated nitric acid which was added
to the sample after collection. This prevented leaching of nickel and zinc
from the sample bottles. Such leaching was found to cause significant nickel
and zinc in the blank samples analyzed during the qualitative procedures usad

by the laboratory.

At the time of sample collection, blanks and duplicates also were included for
QC purposes. A duplicate sample was taken when sampling existing Well No. 2
in the North Area. As part of the field guality control, a blank, consisting
of distilled water and preservatives supplied by the laboratecry, accompanied
the sampling of existing well USGS No. 2. Upon sampling for each analyte,
this blank container would be opened while sampling and resealed immediately
after sampling was completed. The blank and duplicate were sent to the lab

and analyzed along with the collected samples.

B-3.2 Existing Wells

Of the six existing wells in the North Area, the five with pumps were sampled.
Well No. 3, located in the Maintenance and Supply Area, did not have a pump.
This well was not sampled for two reasons: 1) it is located centrally between
Wells 1 and 2, and is close enough to these two wells to be considered
superfluous; and 2) bhecause of its large diameter, it contains too much water
to evacuate with a small volume pump hefore a representative aguifer sample

could be collected.

Of the three existing wells in the South Area, only two were sampled. Well

No. 2 was not sampled because of its close proximity to Well No. 1,
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Sampling methodology for these existing wells consisted of:
a@. Obtaining the proper fittings to tap into the discharge line ahead of

the chlerinator.

b. Running the discharge through teflon tubing into the flow-through

cell to monitor pH, Eh, EC, and temperature properly.

C. Pump the well sufficiently long to evacuate the reguired amount of

water,

d. Collect the sample in proper sampling container; preserve, filter,

store, and ship to lab,

€. Proper cleaning of tubing, filter apparatus, and fittings,

B-3.3 Wells Sampled by Bailer

Because of very slow recharge and high suspended solids content, a stainless
steel and teflon bailer was used toc cellect ground-water samples from Wells
S-4 and N-3B, The procedure for sampling these wells was modified con-
siderably since continuous monitoring could not be accomplished., After
thoroughly cleaning the bailer with soapy water, acetone, and repeated
distilled water rinses, we carefully lowered it into the well with a stainless
steel wire. The bailer then was drawn out of the well and the water poured
into a container to be disposed of after sampling was completed., This was
repeated until encugh water was removed from the well to ensure a minimum loss
of volatile constituents from the water remaining to be sampled. Eh, pH, EC,
and temperature were monitored periodically from the bailer samples. After a

sufficient volume of water was evacuated from the well, samples were collected
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by carefully decanting the water into the sample containers. Special care was
taken when collecting the sample for volatile organics in that the sample was
collected after decanting the initial third of the water from the bailer and
cnly using the interior third. The metals sample was filtered directly from
the bailer using new teflon tubing for each sample. Three bailer volumes were

required to obtain the required volume for the metals samples.,

B-3.4 Wells Sampled Using the Bennett Pump

The Bennett pump is an all stainless steel and teflon positive displacement
pump using nitrogen to drive a double-acting piston which delivers a steady
stream of water at the rate of 1/2 gallon per minute from depths as great as
625 feet. The only materials that contact water are stainless steel and
Teflon. This pump was used in all monitoring wells except those bailed as
discussed in the previous section. After thorough cleaning with soapy water,
acetone, and repeated distilled water rinses, we carefully lowered the pump
down the well until the water level indicator sounded., The well was then
pumped from approximately 2 feet below the surface until the pH, Eh, EC, and
temperature stabilized. The pumrp was lowered gradually as the water level
dropped. At this time the samples were taken. Eh, pH, EC, and temperature
were again measured after samples had been obtained. If significant differen-
ces in any of the readings had occurred, the well would be resampled after
stabilization of Eh, pH, Eec, and temperature. After use the pump was cleaned

by the same procedure used prior tc sampling.

This sampling procedure was modified slightly for two wells in the North Area,
Well N-3A and Well N-8B. In these wells the pump was lowered to a position in
the center of each screened interval. The well was then pumped until moni-

toring parameters stabilized and a sample then was taken. From Well N-8B two
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samples were taken using this procedure because there are two sets of screens

that are open to two separate aquifer zcnes.

B-4 Methodology for Chemical Analyses

All laboratory analyses were performed by Utah Biomedical and Testing
Laboratory (UBTL) of Salt Lake City, Utah, except for radiological analyses
which were performed by Controls for Environmental Pollution (CEP), Los
Alamos, New Mexico, under supervision and control of UBTL. This section sum-
marizes the laboratory protocols, analytical methods, and guality control used
by UBTL for the Tooele Army Depot Survey. Table 1 is a project summary, Table

2 summarizes analyses by lot, and Table 3 is a summary of lots by analysis.

Erter



Chemical Analysis for Tooele Army Depot

Table 1.
Project Summary

Project Title

UBTL Project Director

Contract No. DAAG 49-81-C-0192

Sim D. Lessley, Ph.D.

Progress Summary: Samples Jan Feb Mar Apr May Jun Jul

Number of Certification Samples Analyzed* 56 16 8 0 4 0 0
Number of Water Samples Received 0 0 13 9 6 0
Number of Soil Samples Received 0 6 17 0 5 0
Number of Soll Leach Tests Performed 0 6 17 0 5 c
Number of Soil Leach Samples Generated 0 48 70 64 0 33 0
Number of Field Samples Analyzed by Method:

Volatiles o 0 0 10 13 0 7

Semi Volatiles 0 0 12 6 0 27 10

Explosives 0 0 6 25 25 4

NG and PEIN 0 0 23 25

0il and Grease 0 0 0 75 0 5

Metals - ICP 0 0 6 20 22

Metals -~ GF/AaA 0 0 12 20 13 0 9

Mercury 0 0 12 20 13 6 4

Sodium 0 0 6 26 13 0 9

Anlons 0 3 24 9 9 0

Cyanide 0 0 0 Q 25 0 5

Gross Alpha and Beta 0 0 0 0 0 47 10
Total Number of Field Samples Analyzed 0 3 86 139 167 122 86
Number of QC Spikes Analyzed 0 1 16 37 20 19 27
Number of QC Blanks Analyzed 0 2 25 33 16 22 18
Total Number of Samples Analyzed (Field & QC) 0 6 127 209 203 163 131

*Note eighteen additional recertification samples were analyzed in September 1982.

PREPARED FOR ERTEC BY UBTL



Table 2.

Summary of Analyses by Lot

Lot Matrix Analysis Angi;zed Szigizs Saéﬁies Blanks SZ:;iis
AAA Leach Anions 02/26/82 3 1 1 5
AAB Leach Anions 03/01/82 3 1 1 5
AAC Leach NG & PETN 03/05/82 6 1 2 9
AAD Leach 5 Explosives 03/10/82 6 1 2 9
AAE Leach Semi Volatiles 03/12/82 6 1 2 9
AAF Leach Mercury 03/05/82 6 1 2 9
AAG Leach Metals-ICP 03/11/82 6 2 2 10
AAH Leach Anions 03/05/82 5 1 1 7
AAI Leach Metals GF/AA 03/16/82 6 1 2 9

Leach Sodium 03/10/82 6 1 2 9
AAK Leach Mercury 03/11/82 5 1 2 9

Leach Anions 03/11/82 1 1 1 3
AAM Leach NG & PETN 03/17/82 11 1 1 13
AAN Leach NG & PETN 03/17/82 6 1 1 8
AAD Leach 5 Explosives 04/01/82 11 1 1 13
AAP Leach 5 Explosives 04/01/82 6 1 1 8
AAQ Leach Semi Volatiles 03/18/82 6 1 2 9
AAR Leach Sodium 04/07/82 6 1 2 9
AAS Leach Metals GF/AA 03/25/82 6 1 2 9
AAT Leach Metals ICP 05/13/82 6 2 2 10
AAU Water Anions 04/03/82 4 2 1 7
AAV Water Anions 04/06/82 2 1 1 4
AAW Water Volatiles 04/06/82 4 7 0 11
AAY Water Volatiles 04/06/82 2 3 2 7
AAY Water Mercury 04/07/82 6 2 1 9
AAZ Water Seml Volatiles 04/29/82 6 2 1
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Lot HMatrix Analysis An:i;zed Sié:iis Sagiles Blanks S:;;iis
ABA Water Anions 04/07/82 2 1 0 3
ABB Water NG & PETN 04/13/82 2 0 10
ABC Water 5 Explosives 04/16/82 2 0 10
ABD Water/Leach Anions 04/16/82 12 2 4 18
ABE Water Mercury 04/20/82 14 2 6 22
ABF Water Volatiles 04/21/82 4 1 1 &
ABG Water/Leach NG & PETN 05/05/82 12 2 4 18
ABH Water/Leach Explosives 05/10/82 12 2 4 18
ABI Water/Leach Semi Volatiles 06/08/82 14 2 4 20
ABJ Water/Leach Metals GF/AA G4/28/82 20 3 5 28
ABK Water Sodium 04/28/82 20 3 7 30
ABL Water/Leach Metals ICP 06/03/82 20 4 5 29
ABM Water Cyanide 05/05/82 12 3 2 17
ABN Water 0il & Grease 05/06/82 12 2 2 16
ABO Water Anions 04/30/82 1 0 5
ABP Water Anions 05/04/82 1 0

ABQ Water Anions 05/06/82 5 1 0 6
ABR Water Cyanide 05/11/82 13 1 0 14
ABS Water Mercury 05/07/82 13 1 0 14
ABT Water Semi Volatiles 06/24/82 13 1 0 14
ABU Water Volatiles 05/06/82 13 1 0 14
ABV Water 5 Explosives 05/22/82 13 1 0 14
ABW Water NG & PETN 05/27/82 13 1 0 14
ABX Water 0il & Grease 05/11/82 i3 0 0 13
ABY Water Sodium 05/12/82 13 1 1 15
ABZ Water Metals GF/AA 05/12/82 13 1 1 15
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Lot Matrix Analysis Angi;zed S:i;iis Saggles Blanks Szzgiis
ACA Water Metals ICP 07/27/82 13 6 H 20
ACB Leach Anions 06/05/82 4 1 1 6
ACC Leach Semi Volatiles 07/14/82 4 1 1 6
ACD Leach 5 Explosives 06/15/82 4 1 1 6
ACE Leach NG/PETN 06/17/82 4 1 1 6
ACF Leach Mercury 07/15/82 4 1 1 6
ACG Water Anions 06/25/82 5 2 1 8
ACH Water NG & PETN 06/29/82 5 2 1 8
ACI Water 5 Explosives 07/01/82 5 2 1 8
ACJ Water/Leach Metals ICP 07/27/82 S 3 2 14
ACK Water/Leach Mercury 06/30/82 6 2 1 9
ACL Water Volatiles 07/02/82 7 2 1 10
ACM Water Cyanide 07/01/82 5 2 1 8
ACN Water Semi Volatiles 07/14/82 6 2 1 9
ACO Water 0il & Grease 07/01/82 5 1 1 7
ACP Water/Leach Metals GF/AA 07/07/82 9 2 2 13
ACQ Water/Leach Sodium 07/02/82 9 2 2 13
ACR Water/Leach Gross Alpha & Beta 06/18/82 47 3 7 57
ACS Leach/Water Gross Alpha & Beta 07/22/82 10 3 4 17
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Table 3.
Summary of Lots by Analysis

Analysis Lots
Volatiles (2J) AAW, AAX, ABF, ABU, ACL
Semi Volatiles (3W) AAE, AAQ, AAZ, ABI, ABT, ACC, ACN
5 Explosives (2B) AAD, AAO, AAP, ABC, ABH, ABV, ACD, ACI
NG & PETN (6B) AAC, AAM, AAN, ABB, ABG, ABW, ACE, ACH
Metals ICP (3T) AAG, AAT, ABL, ACA, ACJ
Metals GF/AA (7T) AAT, AAS, ABJ, ABZ, ACP
Mercury CV/AA (1D) AAF, AAK, AAY, ABE, ABS, ACF, ACK
Sodium (1M) AAT, AAR, ABK, ABY, ACQ
Anions (2P) AAA, AAB, AAH, AAL, AAU, AAV, ABA, ABD
ABP, ABQ, ACB, ACG
Cyanide {4K) ABM, ABR, ACM
0il & Grease (00) ABN, ABX, ACO
Gross Alpha & Beta (30) ACR, ACS
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LABORATORY PROTOCOLS

This section contains the laboratory protocols used for the handling
of samples and data from the Tooele Army Depot Survey. They are presented

in the following order:

Sample Logging

Sample Lotting

Soil/Sediment Quartering Procedure

Soil Sample Handling And Wetting Volume Determination
Response to Out-Of-Control QC Data

Water Sample Containers

Soil Leach Sample Containers

Sample Logging

Soil Sample Log In

The soil samples will be received in styrofoam boxes packed with blue
ice. As each soil sample is received it will be inspected and the
folluwing information entered into the first section of the sample

logbook.

L. Date of arrival of sample at the laboratory.

2. The field identification numbers of the sample.

3. Sample matrix (soil, sediment).

4. Sampling date.

5. Date leaching procedure performed.

6. Analytical procedure to be rum.

7. Observations concerning sample conditions (e.g. broken

containers, leakage, lack of temperature control, etc.).
The soil samples will be stored in the walk—in refrigerator pending

analysis. The blue ice must be removed before the samples are stored in

the refrigerator.
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Water Sample Log In

Each water sample will consist of several glass and plastic bottles
packed in a styrofoam box with blue ice. Before storage of samples in the
refrigerator the blue ice must be removed from the box. As each water
sanple is received it will be inspected and the following information

entered into the first section of the sample logbook:

. Date of arrival of sample at the laboratory.
. The field identification numbers of the sample.

. Sample matrix (surface water, greound water).

1

2

3

4. Sampling date.
5 Date split made.

6. Analytical procedure to be run.

7. Observation concerning sample conditions (e.g. broken

containers, leakage, lack of temperature control, etc.).

In cases where samples are split (see below) the field identification
number will be attached to each split container. The water samples will
be stored in the walk-in refrigerator or in the sample room, as

appropriate, grouped according to analytical procedure.
Water samples for explosives and metals will be split for analysis.

The water sample for explosives will be collected in a 1L amber glass
bottle. The split will be made by pouring 250 nL directly from the 1L
bottle into a 250 mL amber glass bottle. The sample remaining in the 1L
bottle (approximately 750 mL) is to be analyzed for the five explosives:
TINT, 2,4-DNT, 2,6-DNT, RDX and Tetryl. The sample in the 250 mlL bottle is
to be analyzed for NG and PEIN. A preservative of Z-nitrodiphenylamine in
1sopropanol 1s added tec each NG/PEIN sample, resulting in a final

concentration of 0.05 mM for the 2-nitrodiphenylamine.

The water sample for metals will be collected in a 1L plastic
bottle. The splits will be made by pouring directly from the 1L bottle.

The splits are as follows:
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Split Container Volume Analytical Procedure
30 mL Plastic 30 oL Metals-GF/AA
250 mL Plastic 250 oL Mercury
30 mL Plastic 30 mL Sodium

1L Plascic remaining volume Metals-1ICP

Sample Lotting

Lot size is limited by storage time or the number of samples that can

be processed through the method in one day.

When a particular lot is ready to analyze, the samples are removed
from the storage area. The QC's are prepared in the same type of sample
containers and randomly distributed among the samples. The three-letter,
three-digit codes are tagged to the sample. The three letter, three-digit
code for each sample is written on the field tag before the field tag is
placed in the lot file folder. The following information is recorded for
each sample in the second section of the logbook: Laboratory Number,
Field (or QC) Number, Matrix, Analytical Procedure, Chemist, Date

Analyzed.

Soil/Sediment Quartering Procedure

Each soil sample will be sieved through a 9.5 mm stainless steel
sieve, if necessary. The sample will then be poured out on a double
thickness of heavy duty aluminum foil (dull side up) and mixed with a
stainless steel spatula. The sample will be quartered and opposite
quarters returned to the sample bottle. The remaining pair of opposite
quarters are combined, mixed and again quartered. Opposite quarters are
returned to the sample bottle. This process is continued until
approximately 200 g of soil is left. The sample 1s quartered and opposite
quarters are combined, weighed and taken for extraction. The remaining
pair of opposite quarters are combined, weighed and taken for the

determination of wetting volume.

Each sediment sample will be poured through the 9.5 mm stainless

steel sieve, if necessary. The sample will be stirred very well and an
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appropriate amount taken for leaching. The wetting volume 1s assumed to
be zero. Therefore, no wetting volume determination will be performed for

sediment.

Soil Sample Handling And Wetting Volume Determination

Break down soil lumps. Do not grind, just break down to natural size
particles. Screen through the 9.5 mm screen. Weigh and discard what was

retained on the sieve. Weigh what went through the sieve.

Perform the necessary splits to obtain approximately 100 g for
extraction and approximately 100 g for determination of wetting volume.
In the event that a very small sample is received as little as 25 to 50

grams can be used to determine the wetting volume.

1. Welgh approximately 100 g of soil into a 250 mlL plastic
centrifuge bottle. Add a measured volume of water - 100 mL for
100 g.

2. Cap and shake well. Allow to stand for at least one hour.

3. Centrifuge.

4. Decant the supernatant water and measure its volume with a
graduated cylinder.

5. Determine the wetting volume by subtraction:

Wetting Volume = (Original Volume of Water) - (Volume of Supernatant)

The wetting volume is used to determine the total leaching volume.

Response To Out-of-Control QC Data

All analytical data should be reduced as socon as possible and routed

to the quality assurance specialist (QAS).

In the event that the data is out of control, analyses will be
discontinued until the analytical system is demonstrated to be under
control. All data obtained since analysis of the latest in-control QC
samples will be considered invalid. Efforts will be directed toward the
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determination of the cause of the problem(s) and required corrective
actions will be implemented to reinstate a reliable analytical system.
Once problems are identified and corrected, data considered to be invalid
will be evaluated. If identified errors can be corrected without the
reanalysis of the samples (as, for example, in the case of calculation
errors or improper processing of reliable raw analytical data),
corrections will be effected without additional analytical work. All
samples for which reanalysis is the only reasonable corrective measure,
will be reanalyzed by UBTL if sufficient sample is available and if the
integrity of the remaining portion of the sample is intact. Resampling
and reanalysis will be required to correct out-of-control results if the

conditions noted in the preceding cannot be satisfied.

As noted, the UBTL QAS will carefully monitor (on a real-time basis)
the results of the control samples employed for this contract work, and in
the event that a QC result 1is out-of~control, specific steps will be
implemented to identify and correct the deficiency. The steps, to be

pursued jointly by the analyst and the QAS, are as follows:

1. Check all data processing procedures and calculations.

2. Check blank samples for identification of possible interferences
or other problems.

3. Check instrumentation performance (if applicable) by observing
the response of the instrument while processing a sample
material for which the expected response is known. Operating
conditions must be similar to those used for analysis of the
samples under consideration.

4. Check the original standard preparation procedures by preparing
new standards, obtaining a new standard calibration curve from
the new data, and comparing the new standard curve with the
original standard calibration curve.

5. Check the integrity of the original QC samples by preparing new
QC samples following the same procedures, and analyzing the new

QC samples.
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Carefully review raw data (e.g., recorder output, chromatograms,
computer output) in an effort to identify interferences, unusual
signals (unusual peak shapes, etc), or other factors which could
produce inaccuracies.

Reanalyze the samples with new standards and new QC samples if
sufficient field sample material is available. The entire
analytical process including, for example, extractions,
digestions, etc. should be repeated.

Any other special procedures required to address recalcitrant

problems not solved by the preceding steps.
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Water Sample Containers

Table 4 lists the containers to be used in the collection and

analysis of water samples from the Tooele Army Depot Survey.

Table 4.
Water Sample Containers

Sampling Container Split Container Volume Volunme
Methods to for
S5ize Material Size Material Analyst Analysis
Volatiles (624) 2 x 40 nL. Amber Glass - - 2 x 40wl 2 x 5 oL
Semi-Volatiles (625) 1L Amber Glass - - 1L 1L
Explosives iL Amber Glass 750 ml 500 mlL
1L Amber Glass
NG & PETN 250 nL. Amber Glass 250 ol 100 mL
011 & Grease 1L Amber Glass - - 1L 1L
Metals-1ICP 1L Plastic 690 mlL 250 mlL
Metals -~ GF/AA 30 mL Plastic 30 mL 20 mL
1L Plastic
Mercury - CV/AA 250 ol Plastic 250 mL 100 ol
Sodium - AA 30 mL Plastic 30 mL 20 mL
Anions - IC 30 mL Plastic - - 30 mlL 5 mlL
Cyanide 1L Plastic - - 1L 500 mL
Gross Alpha & Beta 500 aL Plastic - - 500 =L 250 mL
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Soil Leach Sample Containers

Table 5 lists the containers to be used in the collection and

analysis of scil leach samples from the Tooele Army Depot Survey.

aSaT 2

Soil Leach Sample Containers

B-32

Leach Container Volume Volume
Method to for
Size Material Analyst Analysis
Volatiles (624) - - - -
Semi-Volatiles (625) 250 mL Amber Glass 200 mL 200 mL
Explosives 250 =L Amber Glass 100 oL 10C mL
NG & PETN 40 oL Amber Glass 40 mL 20 mL
0il & Grease - - - -
Metals-ICP 250 wl Plastic 50 mL 50 =L
Metals - GF/AA 30 mL Plastic 30 ol 20 mlL
Mercury - CV/AA 30 mL Plastic 30 mL 20 oL
Sodium - AA 30 aL Plastic 30 oL 20 mL
Anions - IC 30 mL Plastic 30 mL 20 mL
Cyanide - - - -
Gross Alpha & Beta 250 mL Plastic 125 oL 50 mL

Remainder 1is stored as follows:
to top; 2) The rest in a 250 mlL plastic bottle, preserved with nitric

acid.

1) One amber glass
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ANALYTICAL METHODS

Qualitative Analysis Methods

For the screening part of the Tooele Army Depot Survey, twelve
laboratory analyses were performed. Eleven analyses were certified at the
qualitative level. The analysis for oil and grease was performed without
certification. Table 6 summarizes the results of the qualitative analysis
certifications. The soil leach samples were analyzed by the same method
used for water samples with adjustments made for sample size and detection

limit as suggested in the Solid Waste Leaching Procedure (SWLP).

Semi-Quantitative Analysis Methods

At the request of Ertec Western, Inc., UBTL proceeded with the
recertification of the analytical methods at the semi-quantitative
level. 1t was the intent of the Project Officer, Mr. Donald Campbell,
that no resampling be performed and that the semi-quantitative

recertification be applied to the data already reported by the laboratory.

UBTL reviewed the analytical data and recommended that the methods
for NG & PETN (6B) and mercury (1D) not be recertified because none of the

field samples contained those analytes at or above the detection limit.

When the qualitative analysis certifications were being performed,
the UBTL chemists were directed by the Chemical Analysis Program Manager,
Dr. Sim D. Lessley, to analyze six samples at the levels required for the
seni-quantitative recertification, if time permitted. This was done with
a view to reducing recertification costs for the resampling portion of the
program. Upon careful review of the original certification data, it was
discovered that the UBTL chemists had been able to run the six levels
necessary for the semi-quantitative certification of several methods while

the qualitative analyses were being certified. These methods were:
Method 2J (Volatiles in water by HP-5985B GC/MS)

Method 7T (Zinc, Arsenic and Nickel in water by GF/AA)
Method 1M (Sodium in water by AA)
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Table 6.
Certification of Qualitative Analyses
ug/L ug/L
Methad Analyte LOD LOD Slope
Method i Analyte Code Water 5011 Leach (recovery)
DR R

Volatiles 2J Benzene C6Hb 1 - 1.27 1.22
(624) Bromomethane CH3BR 1 - 1.16 0.367
Chlercbenzene CLC6HS5 1 - 1.03 1.39
1,2-Dichloroethane 12BCLE 1 - 1.24 0.767
Trans-1,2-Dichloroethene T12DCE 1 - 1.24 0.903
1,1,2,2-Tetrachloroethane TCLEA 1 - 1.42 1.01
1,1,1-Trichloroethane 111TCE 1 - 1.41 0.931

Trichloroethene TRCLE 1 - 1.28 1.45

IR R

Semi-Volatiles v Hexachloroethane CLBET 20 100 0.333 0.592
Naphthalene NAP 10 0.530 0.76

—_ Nitrobenzene NB 8 40 0.516 0.80
3,5-Dinitroaniline 35DNA 20 100 1.19 0.559

2-Amino~4 ,6-DNT 2A46DT 20 100 1.38 1.46

Fluoranthene FANT 2 10 1.01 1.00

3~-Nitrotoluene 3NT 10 50 0.792 1.00

Diethylphthalate DEP 2 10 1.04 0.99

Alpha-BHC ABHC 20 100 0.983 1.00

p,p'-DDT PPDDT 2 10 1.07 1.00

Dieldrin DLDRN 2 10 1.04 0.70

Lindane LIN 20 100 1.03 1.02

Heptachlor HPCL 8 40 0.998 0.76

Aroclor-1016 PCBO16 70 350 0.925 1.00

Aroclor-1262 PCB262 100 500 0.991 0.73

2,4-Dimethylphenol 24DMPN 20 100 0.028 0.60

2,4-Dinitrophencl 24DNP 30 150 1.02 1.07

2-Methyl-4 ,6-dinitrophenol 46DN2C 20 100 1.27 1.08

Pentachlorophenol PCP 20 100 1.14 1.02
Phenol (D6) PHEND6 3 15 0.235 0.252
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Table 6.
Certification of Qualitative Analyses (Continued)
pg/L ug/L
Method Analyte LOD LoD Slope
Me thod # Analyte Code Water  Soil Leach (recovery)
Explosives 2B 2,4~DNT 24DNT 2 10 0.739
2,6=-DNT 26DNT 3 15 0.741
2,4,6-TNT 246TNT 2 10 0.852
Tetryl TETRYL 1 5 0.897
RDX RDX 1 5 0.940
NG & PETN 6B Nitroglycerine NG 20 100 0.643
PETN PETN 5 25 1.08
Metals-ICP 3T Arsenic AS 60 300 0.973
Beryllium BE 0.5 3 1.06
Cadmium cD 6 30 0.964
Chromium CR 25 0.567
Copper Cu 6 30 1.07
Lead PB 30 150 0.928
Nickel NI 20 100 0.931
Silver AG 8 40 0.929
Zinc ZN 20 100 0.832
Metals-GF/AA 1T Arsenic AS 7 7 0.913
Nickel NI 5 5 0.94
Zinc ZN 1 1 1.11
CLM DWB
Mercury-Cv/AA 1D Mercury HG 0.2 1 0.915 0.909
Sodium 1M Sodium NA 1000 1000 0.989
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Table 6.

Certification of Qualitative Analyses (Continued)

ug/L ug/L
Method Analyte LOD LGD Slope
Method # Analyte Code Water Soil Leach (recovery)
LJD REB
Anions 2p Chloride CL 1000 1000 0.971 1.15
Fluoride F 1000 1000 0.894 1.15
Nitrate NO3 1000 1000 1.14 1.06
Nitrite NO2 1000 1000 1.05 0.956
Phosphate FO4 1000 1000 0.938 1.01
Sulfate S04 1000 1000 0.934 1.03
Cyanide 4K Cyanide CIN 10 - 0.919
0il & Grease 00 0il & Grease OILGR 5000 - -
Gross Alpha & 30 Gross Alpha ALPGL 2pCi/L  10pCi/L 0.893
Beta 30 Gross Beta BETGL 3pCi/L  15pCi/L 0.786
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Method 2P (Anions in water by Ion Chromatography)
Method 4K (Cyanide in water by Spectrophotometry)
Method 3T (Nine metals in water by ICP)

The necessary analytical work was performed to recertify the three

Temaining analytical methods:

Method 3W (Semi-volatiles in water by HP 5985B GC/MS)
Method 2B (Five Explosives in water by HPLC)
Method 30 (Gross Alpha and Beta Radiation in water)

Table 7 summarizes the results of semi~quantitative analysis
certifications. Note that the last column of the table contains a
multiplier (certified slope divided by recertified slope) for use in

converting qualitative analysis data to semi-quantitative analysis data.

: — 2 oA -
The semi-quantitati

ve analytical methods are contained in Appendix F.
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QUALITY CONTROL

Quality Control Samples

Quality control samples were included in each analysis lot. The

types of samples prepared by the UBTL Quality Assurance Specialist were:

Standard Water Spike the analytes of interest were made up at the

certified detection limit in standard water
(standard water is defined in the USATHAMA

QA/QC Manual).

Natural Water Spike a field sample was split and the analytes of
interest were made up at the detection limit

in one of the splits.
ike - a standard water spike was prepared, as
described above, transported to the field and

returned to the laboratory for anmalysis.

Standard Water Blank

a sample of the standard water used to
prepare the standard water spikes was

included as a blank.

Field Blank - a standard water blank was prepared as
described above, transported to the field and

returned to the laboratory for analysis.

The radiological samples represented an exception to the foregoing.
In the case of gross alpha and gross beta determinations the contract
laboratory, Controls for Envirommental Pollution (CEP), prepared quality

control samples and method blanks for each analysis lot.

Tables 8 and 9 summarize the quality control objectives for water
samples and soil leach samples, respectively. In some cases there were
departures from the objectives. These cases are noted individually in the

-~ o e P - ~e X
lot quality control Teport (sea below).
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Quality Control CObjectives

Table 8.

for Water Samples

Std. Hy0  Std. Hy0

Natural

Method Blank Spike Spike Field Blank Field Spike

Volatiles (624) one

Bromomethane

Chlorobenzene one none one one lot

1,2-Dichlorcethane
Semi-Volatiles (625) one

Hexachloroethane

3,5-Dinitroaniline one one one one lot

Dieldrin

2,4-Dinitrophenol
Explosives one

All analytes one one one one lot
NG & PEIN one

Both analytes one one one one lot
Metals = ICP one

All except silver one one one one lot

Silver one none one one lot
Metals - GF/AA one

All analytes one one one one lot
Mercury — CV/AA one one one one one lot
Sodium one one one one one lot
Anions one

All analytes one cne one one lot
Cyvanide one one one one one lot
0il & Grease one none none one none
Gross Alpha & Beta one none none one none
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Table 9.

Quality Control Objectives for Soil Leach Samples

Std. H,0 Std. H,O
2 2
Method Blank Spike
Volatiles (624) none
Bromomethane
Chlorobenzene none
1,2-Dichlorcethane
Semi-Volatiles (625) one
Hexachloroethane
3,5-Dinitroaniline one
Dieldrin
2,4-Dinitrophenol
Explosives one
All analytes one
NG & PETN one
Both analytes one
Metals - ICP one
All except silver one
Silver one
Metals - GF/AA one
All analytes one
Mercury - CV/AA one one
Sodium one one
Anious one
All analytes one
Cyanide one one
0il & Grease one none
Gross Alpha & Beta one none
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Quality Control Reports

At the request of Dr. Les Eng, Mr. Lance M. Eggenberger, (the UBTL
Quality Assurance Speclalist) prepared a quality control report for each
lot of samples. 1In each report the results of the analysis of the qualicty

control samples for the lot were presented and discussed. Copies of all

=]

of the quality contrel reports for the Tocele Army Depot Survey are

included in Appendix G.

Quality Control Results

Also at the request of Dr. Les Eng the UBTL Quality Assurance
Specialist tabulated the results of the analyses of all quality control
samples by analyte. Those tabulations are presented in Appendix H. The
quality control results are summarized by lot with the range of the field

sample data for each lot in Appendix I.
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Appendix C
Well Construction and

Lithclogy Summaries
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Apvendix D

Geophysics Program



D-1 Magnetic Surveys

D-1.1 Introduction

Ground magnetic surveys were performed at three potential drilling sites in
the North Area of TEAD and four sites in the South Area for the purpose of

. - R [ TR
jects, which might pose a hazard

o e - -

O personnel

Ak
(&)%)

involved in drilling,

The surveys were designed to detect unexploded ordnance or objects equivalent
to a 55-gallon steel drum buried as deeply as 15 feet. The theoretical magne-
tic anomaly produced by such an object is shown in Figure 1 - a computer simu-
lation for depths of burial cf 10 and 15 feet. The simulation assumes that

n induced by the geomagnetic

=
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e
o
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field - permanent magnetization is not considered. The amplitude of the ano-
maly is proportional to the mass of the object. For example, a ton of iron
buried 15 feet beneath the sensor would create an anomaly of about 500 gammas.
Corrosion or rusting may significantly reduce the intensity of an anomaly by

reducing the mass of magnetic material.

The survey areas are squares 80 feet on a side. Measurements were made on a
5-foot grid, producing a total of 289 grid points for each site. The grid was
laid out by means of compass, transit, and steel tape. The magnetometer was a
Geometrics Model G816 proton precession instrument, which has a resolution of

1 gamma.

he southwest corner and proceeded north-
ward, making a minimum of two measurements at each grid point. Subsequent

traverses were made in alternating southward and northward directions, as
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shown in Figure 2. The magnetic sensor was carried in a back pack, with the
instrument console supported on the operator's chest by shoulder straps. &ll
magnetic materials were removed from the operator's body, and each measurement
was taken while facing in the directicn which produced maximum signal strength
for the sensor, the response of which is somewhat directional. At each griad
point the location, the time, two magnetic readings, and possible comments
were recorded. Comments noted the presence of metallic objects, electrical

wires, or other relevant facts.

D-1.3 Drift

The geomagnetic field is not constant. It undergoes a diurnal variation of
about 50 gammas and has unpredictable variations {micropulsations) of a few
minutes duration and a few gammas of amplitude. Magnetic storms are always
possible. They can last a day or more and can create amplitude fluctuations
of 100 gammas or more. In order to remove such temporal fluctuations [drift)
from the survey data, it is necessary to record magnetic intensity at a
sationary base station during the survey and subtract the base station wvalues
from the survey values. A continuous-recording base station magnetometer, a
Geometrics Model G826 proton precession instrument, was operated throughout
each survey day. 1In addition, for surveys S-6, 5-7, and S-9, repeated
measurements were made at the center of the survey area after each traverse.
It was found that the repeated measurements at the center of the survey site
gave a significantly better estimate of the drift than the continuous recorder
situated a few miles away. The effect of incomplete drift correction shows on
some of the low-relief magnetic contour maps as small-amplitude lineations

parallel to the survey lines. They do not affect detection capability.
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D-1.4 Data Processing

As each site survey was completed, the data were sent to Ertec's office in
Long Beach, California, for processing and interpretation. Data processing
consisted of coding the data for Ertec's Harris 800 computing system,
averaging the magnetometer readings for each grid point, interpolating between
drift measurements, subtracting the drift from the survey data, and machine-
contouring the processed data. Figures 3 through 9 show the resultant magne-

tic intensity patterns.

A contour interval of 5 gammas was chosen for all survey sites except N-6NEW,
for which a 100 gamma contour interval was necessary to depict the excep-
tionally large anomalies there. Some sharp corners appear in the contours of
the low-relief maps; they are the natural consequence of contouring integer

data having only a few units of variation.

D-1.5 Analysis

Analysis of the magnetic contour maps for the purpose of selecting a safe
drilling site consists simply of avoiding areas of magnetic relief and seeking
the flattest and most uneventful areas. The uneventful areas are shown as

shaded areas on the maps in Figures 3 through 9.

All sites, with the exception of N-6NEW, have drillable areas. Site N-6NEW
shows high magnetic relief over the entire area, especially in the southeast
corner, where a 3000-gamma anomaly indicated the pPresence of several tons of

iron, or its equivalent.

It must bhe noted that the original site for N~-6 was considered inadequate for

drilling for reasons unrelated to the magnetometer survey results. After

Ertec
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further field investigation upon obtaining new aerial photos of the area, it
was decided by Ertec that well N-6 should be re-located further west. Hence,
the magnetometer survey for N-6NEW. Since no area could be established that
would be safe for drilling, N-6 was again re-located to a more suitable area

where little danger of UXO's existed.

D-2 Gravity Survey

D=2.1 1Introduction

A gravity survey was conducted at the Tooele Army Depot from the period December
7th through 17th, 1981. The purpose of the survey was to obtain gravity data

to provide a conceptual model of the contact between unconsolidated basin fill
materials and the underlying bedrock. This model, together with the results

of hydrologic studies, would provide information te understand the ground~

water flow regime and pathways that transport and distribute pctential pollu-
tants. The preliminary gravity results were used to select locations for
seismic refraction survey lines and electrical resistivity soundings. Data

from the refraction lines corroborated the gravity interpretation.

The gravity survey consists of measurements made at stations. Each field gra-
vimeter measurement was corrected for instrument and tidal drift, as well as

latitude, elevation, and terrain effects. Gravimeter units were related to abso-

lute gravity by repeated measurements at Clover Base in nearby Clover, Utah
(Cook, et. al., 1971). The gravity at Clover Base is given as 979,698,71

milligals and we have calculated that the Simple Bouguer Anomaly there 1is

-202.42 milligals.
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The gravity station locations are given as coordinates on the TEAD survey grid
(a network of pre-1942 monuments), for example: x = -14,300 ft, vy = 15,600 f¢t,
locates a station west and south of the coordinate origin at the east-central
boundary of the Depot. Elevations and locations, are inscribed on the survey

monuments.

The data were collected by a two-man field crew with a pickup truck, gravi-
meter, and transit. Most gravity measurements were taken at survey monuments.
For those stations, surveying was unnecessary. There was some difficulty in

searching out monuments hidden in tall grass, and some monuments were missing.

Where there were no monuments, measurements were made at points that could be
located on the base map, or located from such points by transit survey.

Elevations for these points were taken from the contours of a topographic map.

D-2.2 Analysis of the Tooele Gravity Data

A contour map of terrain-corrected Bouguer (gravitational) Anomaly (Complete
Bouguer Anomaly or CBA) is shown in Plate 1. Terrain corrections were done
for a distance of 32,490 feet (the equivalent of Zone K on the Hammer Chart;
see for example: Dobrin, 1976). Corrections for greater distances from the
station were not done because the correction factor became the same for every
station within the survey area. The terrain-corrected data were gridded using
a minimum curvature algorithm (Briggs, 1974; Swain, 1976) and contoured by
computer. This algorithm computes the surface of least curvature which passes
through an aribtrarily distributed set of data points and produces an inter-
polated set of values on a uniform grid suitable for machine contouring. The

grid spacing was chosen to be slightly less than the average data spacing.
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four separate reductions, to account for four geometrical effects, are made to

the cbserved gravity at each station to arrive at its Bouguer Ancmaly value.

Ae

b.

Free-Air Effect: Gravitational attraction varies inversely as the sguare

of the distance from the center of the earth. Thus, corrections must be
applied for elevation. Observed gravity levels are corrected for eleva-

tion using the normal vertical gradient of:

FA = 0,09406 mg/ft (-0.3086 milligals/meter)

where FA is the free-air effect {the rate of change of gravity with
distance from the center of the earth). The free-air correction is posi-

tive in sign since the correction is opposite the effect.

Bouguer Effect: Like the free-air effect, the Bouguer effect is a func-

tion of the elevation of the station, but it considers the influence of a
slab of earth materials between the observation point on the surface of
the earth and the corresponding point on the geoid (sea level). Normal
practice, which is to assume that the density of the slab is 2.67 grams
per cubic centimeter, was followed in these studies. The Bouguer correc-
tion (Bg), which is opposite in sign to the free-air correction, was

defined according to the following formula.

B 0.01276 (2.67) hf (milligals per foot)

B

c 0.04185 (2.67) hy (milligals per meter)

where hg is the height above sea level in feet and hm is the height in

meterse.
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Latitude Effect: Points at different latitudes will have different values

of gravity to two reasons. The earth (and the geoid) is spheroidal, or
flattened at the poles. Since points at higher latitudes are closer to
the center of the earth than points near the equator, gravity at the
higher latitudes is larger. As the earth spins, the centrifugal accerla-
tion causes a slight decrease in the measured value of gravity. At the
higher latitudes where the earth's circles of latitude are smaller, the
centrifugal acceleration diminishes. The gravity formula for the Geodetic
Reference System, 1967, gives the theoretical value of gravity at the

geoid as a function of latitude. It is:

g = 978.0281 (1 + 0.0053204 sin2 o - 0.0000058220) gals

where g is the theoretical acceleration of gravity and o is the latitude
in degrees. The positive term accounts for the spheroidal shape of the

earth. The negative term adjusts for the centrifugal acceleration.

The previous two corrections (free air and Bouguer) adjust the observed
gravity to the value it would have at the geoid (sea level). The theore-
tical value at the geoid for the latitude of the station is subtracted
from the adjusted observed gravity and the remainder is called the Simple
Bouguer Anomaly (SBA). Most of this represents the effect of material
beneath the station, but part of it may be due to irreqularities in

terrain (upper part of the Bouguer slab) around the station.

Terrain Effect: Topographic relief around the station has a negative

effect on the gravitational force at the station. A nearby hill has
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upward gravitational pull and nearby valley contributes less downward attrac-
tion than a nearby material would have. Therefore, the corrections are always
positive. Corrections are made to the SBA when the terrain effects are 0.1
milligal or larger. Terrain corrected Bouguer values are called the Complete
Bouguer Anomaly (CBA). When the CBA is obtained, the reduction of gravity at

individual measurement points (stations) is complete.
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D-2.5 Method of Interpretation

D-2.5.1 Regicnal - Residual Separation

To interpret the gravity data, the portion of the CBA that might be caused by
the light-weight, basin-fill material must be separated from that caused by
the heavier bedrock material which forms the surrounding mountains and presu-
mably the basin floor. The first step is to estimate a regional field. This
is an estimtion of the values the CBA would have if the light-weight sediments
(the anomaly) were not there. Since the valley-fill sediments are absent at
the stations read in the mountains, one approach is to use the CBA values at
bedrock stations as the basis for constructing a second-order polynomial sur-

face to represent a retional field over the valley.

Where there are insufficient bedrock stations to define a satisfactory
regional trend, another approach is to estimate the regional by the process of
upward continuation of the CBA field. A principal result of potential field
theory is that a field quantity satisfying Laplace's equation in a three-
dimensiocnal volume of space is specified completely by the value it has on the
surface bounding that volume (Grant and West, 1965). Since the gravitational
field statisfies Laplace's equation, its value anywhere above the surface of
the earth can be found using only the value of gravity on the surface of the
earth, regardless of the mass distribution that produces the value of gravity
in the first place. On this basis, the Bouguer anomaly is readily continued

to level surfaces above the ground.

An important property of upward continuation is that the resultant field

{which can be represented by a contour map), changes more with respect to
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shallow sources than it does with respect to deeper souces. The anomalous
parts of the field ascribed to shallow density distribution tend to vanish as
the continuation is carried upward; whereas the field preduced by deeper sour-
ces changes only slightly, so that upward continuation produces regional~-type

fields.

The difference between the CBA and the regional field is called the residual
field or residual anomaly. The residual field is the interpreter's estimation

of the gravitational effect of the geologic anomaly.

D-2.5.2 Interpretation of the Residual Rnomaly

If the regional is well chosen, the magnitude of the residual anomaly is a
function of the thickness of the anomalous (fill) material and the density
contrast. The density contrast is the difference in density between the allu-
vial and bedrock material. If this contrast were known exactly, an accurate
calculation of the thickness could be made. Generally, the densities are not
well known and vary within the study area. Therefore, it is necessary to use

densities typical of materials similar to those in the study area.

If the selected average density contrast is smaller than the actual density
contrast, the computed depth to bedrock will be greater than the actual depth
and vice-versa. The computer depth ig inversely proportional to the density
contrast. A ten percent error in density contrast produces a ten percent

error is computed depth.

Once the density contrast betwen the alluvium and bedrock is established,

there are several methods available for determining the form of the alluwvium-
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bedrock interface. One way is to use an interative computer porogram which
will yield some simple model of the interface approximtely explaining the
residual gravity anomaly {(Dordell, 1970). An alternative approach is to
assume the form of the interface a priori and calcuate
have on the residual gravity anomaly. By continually adjusting the model, one
may obtain a reasonable estimate of the interface. There are computer

programs that will calculate the gravitational effect of two-dimensional

(Talwani, et al., 1959) and three-dimensional (Cordell, 1970; Plouff, 1975)

bodies.
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SIMFLE AND COMPLETE BODUGUER ANOMALIES ASSUMING A DENSITY OF 2 &7
GRAVITY SURVEY DONE AT TOOELE, UTAH

X.¥= POSITIONS ON LOCAL COORDINATE SYSTEM (FEET) T=TERRAIN CDRRECTION

__1ID X Y SBA T CBA

1 -&870. 000 -10&670. 000 -192. 580 3. 327 =189. 254
2 -16900. 000 =11700. C0O -191. 013 2. 600 -188. 413
3 —-16900. 000 =13000. 000 =-191. 001 2. 541 -188. 460
4 ~15400. 000 ~13000. 000 =152 424 2. 913 -189. 911
= -14300. 000 ~13000. 000 -193. 245 2. 558 =190 687
6 —13000. 000 —13000. 000 -193. 109 2. 649 —-190. 460
7 -18200. 000 =13000. 000 -189. 394 2. 566 -186. 828
8 ~19500. 000 ~14300. 000 -1B8. 245 2. 812 -185. 433
9 -18200. 000 —14300. 000 -188. 615 2. 932 -185. 484
10 -16%00. 000 =-14300. 000 -189. 831 3. 004 -186. 827
11 -135600. 000 —-14300. 000 -191. 439 2. 845 —-188. 594
12 =14300 000 =14300. 000 —-192. 498 2. B52 -18%9. 646
13 -13000. 000 =14300. QOO -192. 729 2. 899 -18%. 830
14 -11700. 000 -14300. 000 -192. 788 3. 088 ~18%. 700
15 -26000. 000 =10400. 000 -184. 063 2. 560 -181. 503
16 -24700. 000 -11700. 000 -182. 937 2. 608 -1B80. 329
17 -23400. 000 -13000. 000 -1B84. 263 2. 826 —-181. 438
1B ~-23400. 000 -14300. 000 -185. 044 2. 937 -182. 107
12 -20800. 000 =14300. 000 ~186. 425 2. 962 ~1B83. 463
20 —-2100. 000 0. 000 -184. 871 1. B&? ~183. 002
21 —-2100. 000 25600. 000 —-181. 638 1.538 -180. 100
22 -72100. 000 3200. 000 -179. 893 1. 395 ~-178. 498
23 =7800. 000 0. 000 -185. 254 2. 058 -183. 196
24 -10400. 000 2600. 000 —-1381. Oo92 1.481 -179. 411
25 -10400. OO0 3%900. 000 -17%. 024 1543 =177 481
26 =11700. 000 5200. 000 =-179. 187 1. 658 =-177. 529
27 ~-9100. 000 6500. 000 -179. 187 1.454 -177. 733
28 ~-2100. 000 7800. 000 ~-178. 304 1.419 -176. 885
29 -7800. 000 &£500. 00C -179. 282 1. 521 -177. 7614
30 -6500. 000 6500. 000 -180. 614 1.327 -179. 287
31 =2100. 000 2200. 000 ~178. B91 1. 419 -177. 473
32 ~10400. 000 3900. 000 ~-176. 839 1. 543 =175. 2946
33 —-13000. 000 5200. 000 -179. 872 1, 445 -178. 407
34 -14300. 000 3900. 000 -181. 320 1. 521 -17%. 799
35 -7800. 000 2600. 000 -183. 410 1.579 -181. 831
36 -6£500. 000 2600. 000 -183. B&4 1. 407 -182. 257
37 —3200. 000 2600. 000 -185. 382 1. 676 -183. 706
38 -7800. 000 1300. 000 —-184. 088 1.772 -182. 316
39 -7800. 000 5200. 000 -180. 191 1.416 -178. 775
430 -7800. 000 7800, 000 -178. 190 1.497 -176. 693
41 -&500. 000 7800. 000 ~-179. 542 1.274 ~178. 248
42 =-46500. 000 5200. 000 =181 734 1.376 -180. 3560
43 -10400. 000 F100. 000 -178. 015 1. 487 —-174. 324
44 ~11700. 000 7800. Q00 ~178. 853 1. 581 -177. 272
435 =13000. 000 65040, 000 —-179. 637 1. 457 —-178. 1B0O
445 -11700. 000 4£500. 000 -179. 214 1. 5382 ~177. 632
47 -10400. 000 7800. 000 -178. 685 1.457 -177. 228
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SIMOLE AND COMPLETE BOUGUER ANOMALIES ASSUMING A DENSITY OF 2.3

SURVEY AT TOOELE UTAH.

X, Y= LOCATIONS ON LOCAL

COORDINATE SYSTEM T=TERRAIN CORRECTION

__ID X Y SBA T CBA
i ~&B870. 000  -10670. 000 ~190. 7535 3. 327 —-i87. 425
2 ~14900. 000 -11700. 000 -189. 463 2. 600 -186. 863
3  -16900. 000 -13000. 000 -189. 154 2. 541 ~186. 613
4  -15600. 000 -13000. 000 -190. 598 2. 513 -188. 085
5 -14300.000 -13000. 000 -191. 435 2. 558 -188. 877
& -13000. 000 =-13000. 000 -191. 310 2. 649 -188. 661
7  -18200. 000 -13000. 000 -187. 524 2. 566 -184. 958
8 -19500.000 -14300. 000 -186. 013 2. 812 -183. 201
g  -18200.000 ~14300. 000 -1B6. 565 2. 932 -183. 634
10  ~14900.000 -14300. 000 -187. 927 3. 004 -184. 923
11 -15600. 000 =-14300. 000 -189. 549 2. 845 -186. 704
12 -14300. 000 -14300. 000 -190. 625 2. 852 -187.773
13  -13000.000  ~14300. 000 -190. B&1 2. 899 -187. 962
i4 -11700.000 -14300. 000 -i%0. 912 3. 088 -187. 824
15  -26000. 000 ~-10400. 000 -182. 737 2. 560 -180. 177
16  -24700.000 -11700. 000 -181. 440 2. 608 -178. 832
17  -23400.000 -13000. 000 -182. 550 2. 826 -179. 725
18 -23400. 000 -14300. 000 -182. 976 2. 937 -180. 039
19  -20800. 000 -14300. 000 -184. 268 2. 962 -181. 306

20 -9100. 000 0. 000 -183. 870 1. 869 -182. 001 .
21 -9100. 000 2600. 000 -180. 663 1.536 -179. 125
2z -9100. 000 3900. 000 -178. 901 1. 395 -177. 506
23 ~7800. 000 0. 000 ~-184. 102 2. 058 -182. 044
24  -10400. 000 2600. 00C ~180. 289 1. 681 -178. 608
25  -10400. 000 3%00. 000 ~-178. 264 1. 543 ~176. 721
26 -11700. 000 5200. 000 -178. 642 1. 658 ~176. 984
27 ~-5160. 600 6500. 000 -178. 568 1. 454 ~i77. 114
28 -9100. 000 7800. 000 -177. 786 1.419 -176. 367
29 ~7800. 000 6500. 000 -178. 522 1. 521 ~-177. 001
30 -46500. 000 6500. 000 -179. 6293 1. 327 -178. 366
a1 -9100. 000 5200. 000 -178. 121 1. 419 ~176. 703
32 ~10400. 000 3900. 000 ~176. 078 1. 543 -174. 535
33 -13000. 000 5200. 000 ~179. 363 1. 445 ~177. 898
34  -14300. 000 3900. 000 -180. B11 1.521 -179. 290
35 -7800. 000 2600. 000 -182. 305 1.579 -180. 726
26 -4500. 000 2600. 000 -182. 679 1. 607 -181. 072
37 -3900. 000 2600. 000 -184. 023 1. 676 -182. 347
38 ~7800. 000 1300. 000 -182. 939 1.772 -181. 167
39 -7800. 000 5200. 000 -179. 256 1. 416 ~-177. 840
40 -7800. 0600 7800. 000 -177. 536 i. 497 ~176. 039
41 -6500. 000 7800. 000 -178. 730 1. 273 -177. 458
a2 -4500. 000 5200. D00 -180. 678 1. 376 -17%. 302
43  ~10400. 000 9100. 000 ~177. 641 1. 489 -176. 152
44  -11700. 000 7800. 000 -178. 470 1. 581 ~176. 889
45  -13000. 000 6500. 000 ~-179. 210 1. 457 -177. 753
45 -11700. 000 6500. 000 ~-178. 736 1. 582 -177. 154
47  -10400. 000 7800. 000 -178. 203 1. 457 -176. 746
38 —-16900. 000 5200. 000 -180. 811 1. 780 -179. 031
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D~3 Refraction and Resistivity Surveys

D-3.1 Introduction

D-3.1.1 Purpose of Survey

Geophysical techniques wére used in support of the subsurface hydrological
investigation at the U.S. Army Depot near Tooele, Utah. The purpose of the
investigation was to determine whether ground water contamination has
occurred, and the potential for subsurface migration of contaminants. There

were three objectives of the seismic refraction/electrical resistivity survey.

1.+ Determine subsurface structure south of the nerthern rock ocutcrop.

2. Determine if geophysical investigations can be used in the same area of
TEAD to gather hydrologic information.

3. Provide a constraint for the interpretation of a gravity survey.

D-3.%1.2 Survey Techniques

Three geophysical techniques; gravity, seismic refraction, and electrical
resistivity, were used to delineate the subsurface structural features which
may affect ground-water movement. A generalized basement-rock model of the
valley was derived from a gravity survey conducted at the site. A description

of the gravity survey can be found elsewhere in this report.

A seismic refraction survey was completed in the vicinity of the northern rock
outcrop on the east side of the depct. The results of this survey were used
to calibrate the gravity basement model and to confirm the existence of a
shallow bedrock ridge that extends south from the outcrop. Such a ridge could
restrict or alter the southeasterly flow of ground-water that has been

inferred for the regional hydrogeologic system.

= Ertec
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The refraction technique can delineate subsurface structure where an
appropriate seismic velocity contrast exists. The technique measures the time
required for a seismic wave to travel from a point of generation through the
ground to detectors locaied on the surface. Wave arrival times are used to
calculate the seismic velocities in the various media. Geologic stratigraphy

and structure can be inferred by analyzing these velocities.

Electrical resistivity soundings were conducted at various locations along the
refraction lines. This technique can delineate strata which have a resisti=-
vity contrast with the surrounding material. The method has been frequently
useful in mapping ground-water aquifers because concentration and mobility of
charged particles are the primary factors determining a material's resisti-

vity.

A resistivity measurement is made in the following manner. A known current is
forced to flow between two current electrcdes which are in contact with the
ground. This establishes an electric field in the earth. The distribution of
the field depends on the resistivities and thicknesses of the various subsur-
face layers. The electric field is observed on the surface by measuring the
potential difference across two potential electrodes. For this study, the
potential electrodes are placed between, and in-line with, the current
electrodes. One-dimensional, cross sections showing the distribution of

resistivity layers with depth can be inferred from the measurements.,

Significant ground-water in alluvium can usually be observed by both the
seismic refraction and electrical resistivity techniques. The seismic

compressional wave velocity in fine-grained materials such as sand or clay is

= Ertec
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generally less than about 3000 feet/second (fps) (915 meters/second [mps])
when it is dry, but the velocity is between 4800 and 5500 fps (1463-1676 mps )
when it is saturated. Saturated zones interpreted from seismic results should
be correlated with other data because several dry earth materials also have

characteristic velocities within this range.

Ground-water is usually slightly saline and normally appears as a low resisti-
vity zone in the sounding results. A subsurface zone with a seismic velocity
between 4800 and 5500 fps (1463-1676 mps) and a low resistivity value could be

logically interpreted as being a saturated zone.

D-3.1.3 Scope of Work

The seismic refraction survey is composed of four long lines as shown in
Figure 1. The electrical resistivity survey consisted of six soundings which
were conducted along the refraction lines. The survey was designed to collect

information concerning the following questions:

1. Is the outcrop rock an isolated body or part of a more massive rock block?

2. If the outcrop is part of a larger rock mass, what is the depth and shape
of the bedrock surface?

3. What is the velocity layering sequence in the overburden material?
4. Are there any geologic structures or unconformities in the section?

5. Are water saturated zones indicated?

The two north-south lines were positioned to map the buried rock ridge and the
overburden material and the two east-west lines were positioned to investigate

the lateral continuity of the section.
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The desired depth of penetration of a refraction survey dictates the geophone
spacing and the type of energy source used. The refraction lines were
designed to penetrate about 600 feet, which was the approximate depths to
bedrock estimated from examining existing wells logs and outcrops. Explosives

were used to generate the seismic energy.

.D-3.2 Seismic Refraction Survey

D-3.2.1  Recording Instruments

Seismic data were recorded with a 24-channel SIE Model RS-44 seismograph. The
system processes 24 channels of seismic signals and produces a hard copy with .
a dry-write, galvancmeter type recording oscillograph. The degree of gain was
set on the system amplifiers by the instrument operator and was limited by the
background noise at the time of the shot. Full width timing lines are
impressed onto the record at 10 millisecond intervals. The timing lines are
used to measure the time taken by the seismic wave to travel from the point of

generation (shot point) to the geophones,

Mark Products Model L-10 gecophones with a natural frequency of 4.5 Hz were
used. They were fitted with short spikes to provide good coupling with the
ground. Cables with connectors at 150-foot (46 m) intervals were used to

transmit the signal from the geophones to the recording system.

D-3.2.2 Seismic Enerqgy Generation

Seismic energy was generated by an explosive impulse. Small charges were
placed in shallow borings at shot points along the refraction line. The

charges were detonated one at a time and the resulting shock wave was measured
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by surface detectors as it traveled through the ground. The safe and
controlled use of explosives is essential in gathering refraction data. The
U.S. Army required Ertec Western to demonstrate that proper safety procedures
would be followed when handling explosive materials and to estimate the effect
of vibrations produced by the explosions which would be used in the refraction

survey.

In satisfying these requirements, the U.S. Army approved Ertec Western's
"Standing Operating Procedures" for explosive use, then we conducted a blast
vibration monitor program at the depot. A report (Ertec Western, 1982) was
submitted describing the testing procedures and the recorded vibration levels.

The approved procedures were follawed during the refraction survey.

D-3.2.3 Refraction Data Acquisition

The field work was performed between January 8 and February 10, 1982, Fach of
the four refraction lines were about 3450 feet (1052 m) long and contained 24

gecphones and five shot points as shown in Figure 1.

The geophone intervals and shot point locations were determined by the loca-
tion of the connectors on the cables. Relative elevations of the gecphones
and shot points were measured with a transit and tied to true elevations on
the existing grid at the depot. Geophones were rlaced and covered in shallow
(less than 1 foot [0.3 m]) hand-excavated holes in order to improve energy
coupling with the ground and to reduce extraneous wind noise. This procedure
permitted the instrument operator to increase the amplification level in the

recording system.

All shot points on a refraction line were drilled, loaded with explosives and

backfilled before the recording began. One shot was denotated at a time and a
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record was made of the event. The time of shot was transmitted from the shot

point to the recording system via an FM radio link.

D=3.2.4 Refraction Data Reduction

The refraction records were analyzed to determine the time interval between
the explosive detonation and the arrival of the compressional (P) wave at each
geophone. A typical refraction seismogram is shown in Figqure 2. The P wave
arrival usually appeared as a rather obvious excursion of the recording trace
from its rest position. First, the compressional wave arrival at each
geophone was identified on the record and then the travel times were measured,

These times and the array geometry for each line are shown in Figures 3 and 4.

The upper halves of these figures are graphs of seismic wave travel times
Plotted versus surface distance between the shot points and the geophones.
Distances were measured along the north-south line from geophone number 1, of
line 2 and along the east-west line from geophone 1 of line 3B. Distances to
the right of the first geophone are positive. The direction arrow gives the
approximate orientation of the line from the first geopheone toward the other
end of the line. The vertical lines designate the locations of shot points
(F, G, H, I, J). The symbol X denotes travel times at geophones that were to
the right of a shot point. The symbol 0 denotes travel times to geophones

that were to the left of a shot point.

The Generalized Reciprocal Method (GRM) of seismie refraction interpretation
(Palmer, 1980) was used to analyze these graphs and to calculate the velocity
ile beneath each line. Computer programs SEISSF and DSECTN (Hatherly,
1978) were used to calculate the various functions of the GRM. The GRM com-~
bines the computational ease of the reciprocal method (Hawkins, 1961) with the

migration property of the delay time method (Gardner, 1939),
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The lower halves of Figures 3 and 4 show the interpreted seismic velocity pro-
files, The top lines represent the ground-surface profiles. The short ver-
tical lines crossing the top line mark the geophone positions. The depth sca-
les are plotted relative to true elevations from sea level. The additional
lines across the cross section represent the interpreted boundaries between
layers of material with different compressicnal wave velocities. The calcu-

lated P wave velocity is shown for each layer.

D-3.2.5 Refraction Results

A brief description of the refraction results for the north-south and east-
west lines is given below. The correlation between velocities and lithologies
is based on interpretations of boring logs obtained during the hydrologic

investigation.

North-South Line (Figure 3)

1. The first layer (surface material) is a colluvium that has a very low
average P wave velocity of 1600 fps (488 mps). The thickness of the
layer varies between 25 and 50 feet (8 and 15 m). The measured velo-
cities for this layer varied by 3% percent from 1100 to 2200 fps (335
to 671 mps).

2. The second layer is a nonindurated fanglomerate that has an average P
wave velocity of 5150 fps (1570 mps). The velocity of this layer
varies by 17 percent except for an anomaly, &B0OO fps (2073 mps), in
the center of the line. The top surface of the layer is fairly flat
except near the velocity anomaly. The thickness ranges between 70 and
270 feet (21 and B2 m).

3. The third layer in the section is a cemented conglomerate that has a
well defined, average P wave velocity of 9250 fps (2819 mps) which
varied by + 2 percent. This layer is 850 feet (259 m) thick on the
south end of the line and pinches out just south of shot peint Iq.
The geometry of this layer is irreqular.

4. The deepest velocity layer mapped by this line is a Paleozoic carbonate
bedrock with a P wave velocity of 12,000 fps (3658 mps) which varied by
+ 8 percent. The top surface of this layer is irreqular,.
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East-West Line (Figure 4)

1.

2.

4.

The colluvium, surface layer has a fairly well defined P wave velocity
of 1100 fps (335 mps). This velocity varied + 18 percent from 950 to
1300 fps (290 to 396 mps). The layer has an average thickness of 25
feet (8 m).

The second layer, fanglomerate, has an average P wave velocity of 2900
fps (884 mps) that varied by + 10 percent. The surface of this layer
is fairly flat with thicknesses ranging from 130 to 210 feet (40 to 64
m).

The deepest velocity layer mapped under this line is a cemented conglo-
merate that has an average P wave velocity of 7700 fps (2347 mps) that
varied by + 9 percent. The top surface of this layer is fairly flat.
There is a 40-foot (12 m) step, in the calculated layer surface at line
3B, gecphone 11.

The 12,000 fps (3658 mps) velocity associated with carbonate bedrock
was not observed with the east-west lines. Therefore, the bedrock must
be beyond the depth of penetration associated with the line geometry.
This geometry would have detected the 12,000 fps (3658 mps) layer if it
had been shallower than 1270 feet (387 m).

The P wave arrivals on the refraction records are good quality and are easily

identified., The seismic velocities are estimated to be correct within.1 10

percent or less, except for the surface layer. Arrivals representing seismic

waves traveling solely in the first layer are seldom observed at more than one

gecphone from any shot. Therefore, the accuracy of the first layer velocity

determination is relatively low because they are based on so few data points.

D-3,3 ELECTRICAL RESISTIVITY SURVEY

D-3o 3.1

Recording Instrument

The electrical resistivity data were measured with a Bison Model 2350A

resistivity meter. Stainless steel rods were used for the current electrodes.

Copper rods immersed in a saturated copper sulfate solution in a porous pot

were used for the voltage measuring electrodes.
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D-3.3.2 Resistivity Data Acquisition

The field data were collected between January 28 and February 18, 1982, 8Six
soundings using the Schlumberaer electrode array were made, Their locations
are shown in Figqure 1. The geometry of this measurment array is shown in
Figure 5. To make a sounding, the spacing between the electrodes is expanded
between measurements, while the center of the array remains fixed., As the
array expands, the current penetrates deeper into the earth, thus allowing the
variation of resistivity with depth and material changes to be reflected in
the surface measurements. Fourteen measurements were taken for each scunding,
with the electrode separation (Figure 5) expanding from 15 to 350 feet (5 to

Apparent resistivity values were calculated from the measured

values using the following equation:

= L?

- = t
MN 1 (ohm meter)

(See Figure 5 for definition of the various terms). The apparent resistivity
was plotted versus the electrode separation and checked for bad points by the
field crew before leaving the test site. The resistivity data appears in the

upper half of Figures 6 through 11,

D~3.3.3 Resistivity Data Reduction

If the ground is electrically homogeneous, the measured resistivity values
would represent the true soil resistivities. However, the ground is usually
composed of several subsurface layers, each of which will alter the distribu-
tion of the applied electric field. Therefore, the surface measurements
represent a composite resistivity value of the underlying strata. This com-

posite resistivity is termed "apparent resistivity" and is not equal to true
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soil resistivity. By making a number of measurements at a site, it is
possible to convert an apparent resistivity field curve into a layered subsur-

face model with a calculated "true" resistivity for each layer of the model.

A resistivity field curve consists of several segments, each corresponding to
a differend MN spacing. the vertical offset between twa adjacent segments is
caused by either one or both of the potential electrodes crossing a near sur-
face, lateral interface into a material with a different resistivity value,
These cffsets must be removed prior to computer modeling because they repre-
sent a resistivity change due to lateral not depth effects. The segments were
adjusted relative to the largest MN spacing used in the scunding. At this
spacing, a large part of the electric field in the earth is being measured.
This large measurement interval is not an influenced by small, localized, sur-
face resistivity anomolies as smaller MN spacings. Consecutive segments (from
large to small MN spacings) were vertically shifted until a smoothed curve was

obtained. The curve was then digitized and used for computer input.

The resistivity data were interpreted with the aid of two inverse modeling
computer programs. The program by Zhody (1973) uses modified Dar Zarrouk
functions in an iterative process to determine true resistivity values of the
various subsurface layers. The resulting model is then used as an initial
estimate to Rijo's (1977) program. The program calculates theoretical
resistivity values by convolution with a set of filter coefficients.,
Derivatives of the thecretical resistivity values with respect to the parame-
ters are then calculated numerically and used in a Marquardt (ridge)
regression algorithm to calculate improvements in the values of the parame-—
ters. This process is continued through a specified number of iterations or
until the successive changes in the parameters is less than a preselected

value.
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The resulting geoelectric cross sections were evaluated versus the field cur-
ves and geologic knowledge of the area. The interpreted models are tabulated

at the bottom of Figures 6 through 11.

D-3.3.4 Resistivity Results

The interpretation of the electrical resistivity survey is shown in cross sec-
igure 12. The four resistivity soundings along the north-
south refraction line show the top of a low resistivity zone between 10 and 30
feet (3 and 9 m) deep. This low resistivity zone is in the fanglomerate
material. Soundings R-1 and R-3 show this zone to be fairly thick, about &0
feet (18 m). The seismic velocity of this layer is between 5000 and 5400 fps
(1524 and 1646 mps). Therefore this layer could be interpreted as being a

saturated zone of varying thickness.

Sounding R-6 shows a thick, low resistivity layer near the surface which also
corresponds with the fanglomerate layer. The seismic velocity of this layer
is 2900 fps (884 mps) which is well below the characteristic value for water.
Therefore, if any saturated zones exist under the east-west refraction line,

they must be small and isolated.

D-4 INTEGRATION OF RESULTS
The refraction/resistivity surveys have indicated answers to the qguestions

posed in D-=3.1.3,

1. Nature of Outcrop

The northern rock outcrop is the surface expression of a much larger
rock mass. The measured seismic velocity of the rock is 12,000 fps
(3658 mps), which is within the range of velocities typically measured
in carbonate rock.
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Bedrock Surface

The rock surface dips towards the south in a series of terraces. The
three terraces are probably separated by two fault zones (Figure 3).
The average depths of the terraces beneath the seismic line are:

0 180 feet (55 m) northern terrace
0 400 feet (122 m) central terrace
o 950 feet (290 m) southern terrace

The carbonate rock is not detected by the east-west refraction line
which is 1800 feet (549 m) south of the north-south line. The depth to
which we could exclude the rock under this line was calculated to be
1270 feet (387 m),

Overburden Layering

There are three distinct subsurface velocity layers overlying the
bedrock. They correlate with:

Colluvium - mestly unconsolidated
sands, silts and gravel.

Non-indurated fanglomerate - a variable-cobble matrix
filled with unconsolidated,
fine-grained material.

Cemented conglomerate - a variable-cobble matrix
filled with cemented fine-
grained material.

The inhomogeneity in the colluvium is expressed in the wide range of
observed velocities, 1100 to 2200 fps (335 to 671 mps). The =zone of
non-indurated fanglomerate has a velocity ranging from about 5100 fps
{1554 mps) on the N~S line to 2900 fps {884 mps) on the E-W line, The
cemented conglomerate also has a higher velocity (9100 to 9400 fps;
2774-2865 mps) beneath the N-S line than it does beneath the E-W line,
7700 fps (2347 mps). The differences in the velocity layering between
the two lines may be caused by anisotropy, differences in the
materials, differences in the moigture content, or a combination of
these factors.

Gecleogic Structures

Several structural features are interpreted from the refraction survey.
Two bedrock fault zones are interpreted beneath the north-south refrac-
tion lines. They are located approximately 2000 and 6000 feet (610 and
1829 m) south of the outcrop. The approximate vertical offsets on the
faults are:
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150 feet (46 m) northern fault zone
550 feet (168 m) southern fault zone

The east-west line was positioned to cross a large gravity gradient
which might indicate a fault. The seismic data indicates a vertical
offset in the 7700 fps layer near the center of line 3B, which is alsco
near the gravity gradient. The offset in this layer is on the order of
40 feet (12 m) but it could be caused by a larger displacement in the
bedrock. Bedrock structure at this location is too deep to be deter-
mined by the refraction line geometry.

Another structure is indicated by the velocity anomaly in the fanglo-
merate material at the center of the north-socuth line The velocity of
the anomaly is 6800 fps (2073 mps) which is about 33 percent higher
than the velocity of the surrounding material. The cause of the ano-
maly is interpreted to be a buried stream channel. The base of the
channel is about 700 feet (213 m) wide and about 300 feet {91 m) below
the surface. The higher velocity may indicate that material in the
channel is much coarser than the surrounding material.

nk:

Water Saturated Zones

The results of the two surveys indicate that there may be a perched
water zone beneath the north-south line, but no significant ground
water under the east-west line. The perched water zone may exist at
the nerth-south line because of well-developed cementation of the
underlying conglomerate. The fact that the velocity in this zone

is higher than it is beneath the east-west line indicates better cemen-

tation beneath the north-south line.
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5101.630

16 52,762

“Tnn"
31 J‘.?.JU’

5125,600

F-3
oo

112 19 22,208
CONVERGENCE
ELEVATION

112 22 20.463
CONVERGENCE
ELEVATION

112 19 14,667
CONVE RGENCE
ELEVATION

- & a2

112 19 42,724
CCNVERGENCE
ELEVATION

112 21 45.648
CONVERGENCE
ELEVATION

112 21 00.702
CONVERGENCFE
ELEVATION

112 19 12,931
CONVEFGENCE
ELEVATION

112 19 17,013
CCNVERGENCE
ELEVATION

112 18 50,643

CONVERGERNCE
ELEVATION

NORTHING ERSTING
713,531,220 1,770,461, 390

0.,9999302 SCALE FACTOR
0.9997229 'GFID FACTOR

716,593,320 1,756,677.580
0.9999313 SCALE FACTOR
0.9957288 GRID FACTOR

703,646.170 1,770,855.030

0.9999266 SCALE FACTOR
0.9997237 GRID FACTOR

702,623,070 1,768,779.690
0.9998266 SCALE FACTOR
0.9997242 GPID FACTOF

705,205.600 1,959,265.370
0.9999271 SCALE FACTOR
0.9997252 'GRID FACTOR

707 ,517.530 1,762,771.550
0.9999280 SCALE FACTCR

0.9997257 GEID FACTOR

716,538,060 1,771,207.810
0.,9999314 SCALE FACTOR
0.9997234 GPID FACTOR

706,750,400 1,770,801.650
0.9999277 SCALE FACTOR
0.9997234 GRID FACTOP

710,554,720 1,7%2,680.390
0.9989291 SCALE FACTOF
0.9997238 CRID FACTOR

= Ertec

WELE #

S-2

S-3

5-4

S-5

S-6

S-7

S-8

5-9



lg 37,Cl1
30 32.605
5353,780

15 40,093
34 18.586
5054.:60

17 10.651
34 30,067
5039,130

18 51,051
31 16,212
315,140

112 1% 40.858
CCNVERGENCE
ELEVATION

112 2% 33,635
CONVERGENCE
ELEVATION

112 23 51,558
CONVERGENCE
ELEVATION

112 1¢&¢ 52.056
CONVERGENCE
ELEVATION

721,052,290 1,77¢,:82.100
0.9598332 SCALE FACTCR
0.99971€6 GRID FACTOR

703,409,150 1,750,876.2:0
0.9999264 SCALE FACTOF
0.9997240 GFID FACTOR

712,585,810 1,749,578,900
0.9999298 SCALE FACTOR
0.9997279 'GFID FACTOR

722,522.460 1,772,879.800
0.9999337 SCALE FACTCE
0.9957207 GRID FACTOF

Ertec

S-11

5-12

S-14

S-14



TOCELE ARMY DEPOT
UsToeMe~ ZONE #

T R S Ll Sl S B M . M B g G e S . P e B%e pon e BN e e G S e . e e v g -

ol ] - o
0 17 ‘l.glu

51 19,796
5148.420

40 17 50,948
53 15,631
5053,630

40 15 44,:36
51 13,201
5066.640

40 15 43,909
51 31,332
5052.070

40 15 58.659
- 052 51.070
5039.930

40 16 21.838
52 22,426
5048.770

40 17 51.760
- 051 14,319
5190.1€0

40 16 14,999
51 15,257
5101,630

40 16 52,762
50 56.868
5125,600

/ SOUTH

112 19 22.208
CONVERGENCE
ELEVATICON

112 22 20.463
CONVEPRGENCE
ELEVATION

112 19 14.667
CONVERGENCE
ELEVATION

112 19 42.724
CONVERGENCE
ELEVATION

112 21 45.648
CONVERGENCE
ELEVATION

112 21 00,702
CONVERGENCE
ELEVATION

112 19 12,921
CONVEPGENCE
ELEVATION

112 19 17,013
CONVEFRGENCE
ELEVATION

112 18 50,642
CONVEFGENCE
ELEVATICN

4,460,511.704 .
0.9997556 SCALE FACTOR
0.9995094 GFID FACTCF

4,461,466,967
0.9997674 SCALE FACTOR
0.8995258 GFID FACTCR

4,457 ,498.45%
0.9999552 SCALE FACTOR
0.9995130 GFID FACTCR

4,457 ,495,1¢98
0.9997570 SCALE FACTOR
0.9995155 GFID FACTOE

4,457,994,C65
0.9997652 SCALE FACTOR
0.9995242 'CRID FACTOE

4,458,692.494
0.9997622 SCALE FACTOR
0.9995208 GFID FACTOR

4,461,426,70%
0.9997549 SCALE FACTOF
0.9995068 GFID FACTOR

4,458,444,713
0.9997553 SCALE FACTOR
0.9995114 GFID FACTOR

459,600,412
536 SCALE FACTOR
0 FACTOR

= Ertec

A B S A daly e e e — W

EASTING

e B e e o B o o . = k3 . o>

287,556,718
383,161,543

67,689,907

w

287,026.5

- 164,130.2¢1.

385,202,791

387,7€9,.456

387,648,586

3IBE,268.688

(81}

WELI ¢
S-2

S-A

S-&

S-4

S-7

S-8



18 37.011
50 15,5:2
5353,7E0

15 40,093
54 00.545
5054, 360

17 10.651
54 13,8168
503%.130

18 51.051
51 01,851
5315.140

112 17 40.858
CONVERGENCE
ELEVATION

112 2: 23,635
CCNVERGENCE
ELEVATION

112 2% 51,558
CCRVERGENCE
ELEVATION

112 1€ 52.056
CONVERGENCE
ELEVATION

4,462 ,7F9,641
0.9997489 SCRALE FACTOR
0.9994930 GRKID FACTCF

4,457 ,461.268
9997726 SCALE FACTOR

§995:09 GFID FACTOR

0
0

4,460,260.,113
0.9987737 SCALE FACTOFR
0.9995:28 GRID FACTOR

4,463,247,498
0.9997535 SCALE FACTOFR
0.99949%4 ‘GRID FACTOR

Ertec

288,983,629

:81,570.567

381,191,224

:8E€,:09.,437

S-1i

S-17

S-14



TOOELE ARMY DEPOT / SQUTH
LAMBERT - UTAH CENTRAL

40 16 05,592 112 21 35,1¢&5
0 23 02.709 CONVERGENCE
0.000 ELEVATION

40 16 00,175 112 21 45,82
- 0 33 09.241 CCHNVEIGFENCE
0.000 ELEVATION

40 15 44,267 112 1€ 56.084
- 0 31 20,792 CONVERGENCE
0,000 ELEVATICN

40 15 43,319 112 19 25,515
= 0 31 39,645 CONVERGENCE
0.000 ELEVATION

40 16 23,589 112 22 48,890
- 0 33 49,92> CONVERGENCE
C.000 ELEVATICN

40 19 01,273 112 23 51,991
- 0 34 30,344 CONVERGENCE
0.000 ELEVATION

S T S S B S D e B B Mo v e e ey S G B B e (e e e —— . —— b —

705,899.:00 1,760,083.100
0.9999274 SCALE FACTOP
0.9999274 CRID FACTOR

705, 258,800 1,759,287.500
0.9999272 SCALE FACTOFR
0.9999272 ‘GPID FACTCR

702,626,000 1,%72,:95,500
0.9999266 SCALE FACTOF
0.9999266 GPID FACTOF

703,551,000 1,770,113,200
0.9999265 SCALE FACTOR
0.9999265 CFID FACTOR

719,917.600 1,724,507,600
0.9989326 SCALE FACTOR
0.9999326 CRID FACTOR

723,778.200 1,%45,657.700
0.9999342 SCALE FACTOR
0.9999342 'GRID FACTCR

SAMPLE
SSH-1

SSW-2

SSD-1

SSp-2

SSD-3

SSD-4



TOOELE ARMY DEPQOT / SOUTH
U'TIM.- ZONE # 12

P Al b Gl e > Gy i B e G . S N Min S iy G D Ay M S R I i G e G S A e S

---—---nu---—_——-—--———.—-——-—-—-——--.-.u.—-.--——-——n_-.———-——-._._u.———n-:—-—-—-u--—_-

15
51

15
51

v~
Cat

19
54

44,267
01,166

0.000
43,219

20,196
0.000

8 23,589

34.622
0.000

01.272
16.156
0,000

112 21 135,165
CONVEFGENCE
ELEVATION

112 21 45, 82
CONVERGENCE
ELEVATION

112 18 56.084
CONVERGENCE
ELEVATION

112 19 25,515
CONVEFGENCE

"ELEVATION

112 22 48,890
CONVERGENCE
ELEVATION

112 2% 51,991
CONVERGENCE
ELEVATION

4,456,204.024
0.9997645 SCALE FACTOR

AT AD
Fl"\. EL N o

L I R O

4,458,040,711
0.9997652 SCALE FACTOR
0.9997652 GRIC FACTCR

4,457 ,489,804
0.9957540 SCALE FACTCR
0.9997540 GRID FACTCR

4,457,470,925
0.9997558 SCALE FACTCR
0.9597559 GRID FACTCF

4,462,485,821
0,2987693 SCALE FACTCR
0.999%6%3 GFID FACTCR

4,463,671.,107
0.99977:6 SCALE FACTCR
0.99977:6 GKID FACTCR

= Ertec

384,260,681

I84,127.262

388,128,838

287,433,190

282,506,079

:8l1,2:4.832

SAMPLE ¢

SSH-1

SSW-2

SSB-1

SSD-

SSD-4



Appendix E
Contamination Results

(Site Summary Forms)



& Erter

The Earth Technoiogy Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION Well AldN

SITE TYPE Well

SCREENED INTERVAL _392'-400"; 406'-423"'; 434'-470'; 475'-502"'; 510'-520'; 573'604"';

630'-640"; 700'~743 380.6
DEPTH TO WATER (FEET) -

GROUND ELEVATION (FEET) _4848.1

LOCATION 793,425 Northing, 1,763,675 Easting (Utah State Plapne. Central Zane)

maintenance area, south east gquarter -~ sampled to obtain background water

quality data

FIELD SAMPLE

SAMPLE DEPTH SAMPLE SAMPLE DATE
NUMBER (FEET) TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD}
B ground o .
 Well ] 383 water pump 3/30/82 Ni. Zn, Cl, NO3, SQ4, Cr, Pb, Na




& Ertar

The Earth Technology Carporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION Well 2-N
SITE TYPE Well
SCREENED INTERVAL 390'-480"
DEPTH TO WATER (FEET) 389.0
4855.8 ft.

GROUND ELEVATION (FEET)
LOCATICN

802, 425 Northing, 1.767.875 Easting (Utah State Plane,Central Zone)

Existing Well No. 2 in North Area; located in maintenance

REASON FOR SAMPLING

area, northeast quarter - sampled to obtain background water quality data

samsoe | SAMPLE SAMPLE | sampLE DATE

AP DEPTH

SaMeLE DEPTH AMPL NEVRCE | gaRATE CHEMICAL CONSTITUENTS (ABOVE LOD)
ground S 1 NO- . €0, . v D 1

Well 2| 391 water pump 3/30/82 | Ni, 2n, Cl, NO;, SO4, Cr, Pb, Na




& Ertar

The Earth Technology Corporation

SITE IDENTIFICATION

SITE TYPE

SCREENED INTERVAL
DEPTH TO WATER (FEET)
GROUND ELEVATION {FEET)

LOCATION

REASON FOR SAMPLING —____Existing Well No, 4. North Area; located on ridge near N-&
in south west quarter.

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

Well 4-N

Well

638'-696";

700'-775°

622

5015

296

300, Northing, 1,731,450 Easting (Utah State Plane Central Zor

Sampled to obtain background water quality data.

SAELD. | SAMPLE SaMPLE | sampLE DATE

AN DEPTH

SamMPLE sl TYPE METHOD | SampLzD CHEMICAL CONSTITUENTS (ABOVE LOD}
ground - S e S - ¥ — p—— A =5 ~ &

Well 4] 622 ater punp 3/31/82 |Ni, 2Zn, Cl, NQy. SO4, Cr, Pb, Na,

gross beta




& Ertec

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION Well S5-N
SITE TYPE Well
SCREENED INTERVAL

DEPTH TO WATER (FEET) 340
GROUND ELEVATION (FEET) 4750 feet

LOCATION 809, 332.61 Northing, 1,731,456.07 Easting (Utah State Plane c%ggg
J

REASON FOR SAMPLING _____ Existing Well No, 5, North Area:; located at Firing Range
northwest quarter; sampled to obtain background water gquality data.

FIELD SAMPLE
SAMPLE DEPTH SAMPLE SAMPLE DATE
SAMPLE AL SYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
ground
well 5 340 water | pump 4/14/82 [ Ni, 2n, C1, NO3, SO,, Cr, Cu, Pb, Na

ground
ell5-R 340 water pump 6/25/82




& Erter

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION ___ Well 6-N (UsSGs-2)

SITE TYPE Well
SCREENED INTERVAL 375'-415"
DEPTH TO WATER (FEET) 247.73

' 4553

GROUND ELEVATION (FEET)
807,584.75 Northing, 1,752,526.29 Fasting (Utah State Plane Central Zone)

LOCATION

REASON FOR SAMPLING .____Existing well No. 6, USGS well, near east boundary of Ammo
area, northeast quarter; sampled to obtain background water quality data

FIELD SAMPLE

SAMPLE DEPTH SAMPLE SAMPLE DATE

SampLE AL TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS [ABOVE LCD)
tiell 6 248 ground . . . o ) )
well 220 water pump 4/4/82 |[Ni, Zn, Ci, NO;, SO,, Cr, Pb, Na




& Ertac

The Eanth Technology Carporation

SITE SUMMARY SHEET — TOOELE ARMY DEPQT.

SITE IDENTIFICATION Well 1-S
SITE TYPE Well
SCREENED INTERVAL 290'-404"'
DEPTH TO WATER (FEET) 286.71

‘ 5398.4

GROUND ELEVATION (FEET)
LOCATION

REASON FOR SAMPLING . Existing well No., 1, South area: located near north boundary
Northeast quarter; sampled to obtain background water quality data.

727, 419 Northing; 1,770,796 Easting (Utah State Plane, Central Zor

FIELD

SAMPLE

SAMPLE DEPTH SAMPLE SAMPLE DATE

NUMBER FeET) TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
ground ) .

HWell 1 287 ater pump 3/31/82 Ni, Zn, Cl, NOx, S0Os, Cr, Pb, Na




& Ertar

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION Well 3-S

SITE TYPE

SCREENED INTERVAL

DEPTH TO WATER (FEET)

GROUND ELEVATION (FEET)

LOCATION

REASON FOR SAMPLING ____Existing well No. 3, South area; CAMDS well; sampled to

obtain bhackaground water guality data.

SamPoE oy o SAMPLE SAMPLE DATE
M
NUMEER Feen TYPE mETHOD | sampLiD CHEMICAL CONSTITUENTS (ABOVE LOD)
. ground . .
CAMDS water pump 4/15/82 i ¥i, Zn, Cl1l, F, 804, Cr, Cu, Pb, Na,

gross beta




& Ertac

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-SD1
SITE TYPE ditch
SCREENED INTERVAL N/A
DEPTH TO WATER (FEET) ary

GROUND ELEVATION (FEET) _pat determined
792,041.9 Northing,

LOCATION 1,739,734.9 Easting (Utah State Plane, C%ntral

one)

REASON FOR SAMPLING Sediment sample taken from dry wash in bottom of flood

control dam, to determine if any contaminants were migrating by surface water

flow from the chemical range or demolition area.

FIELD

SAMPLE

SAMPLE DEPTH SAMPLE SAMPLE DATE
N-SD1 G.5 sediment | grab 4/3/82 NO,, SO,, Na




d
- Ertar
(—
The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-5D2
SITE TYPE ditch
SCREENED INTERVAL N/A
Aver
T D \-IJ-:

DEPTH TO WATER (FEET)
not taken

GROUND ELEVATION (FEET)
813.593.2 Northing, 1,743,196.0 Easting (Utah State Plane, Central Zone)

LOCATION

REASCON FOR SAMPLING
to determine if any contaminants were being carried across boundary by surface

Sediment sample taken from dry wash along nerthern boundary

water flow.

FIELD SAMPLE
SAMPLE DEPTH SAMPLE SAMPLE DATE
NUMBER (FEET) TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)

N-SD2 0.5 sediment| grab 4/3/82 50,4, Na, As, Zn




S Ertar

The Earth Technalogy Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-SD3
SITE TYPE Pond
SCREENED INTERVAL N/A

DEPTH TO WATER (FEET)____2pprox. 6" above sample

GROUND ELEVATION (FEET) —not surveved
LOCATION

805,676.9 Northing, 1,760,645.9 Easting (Utah State Plane Central
Zone)

REASON FOR SAMPLING Sediment sample taken from Industrial Waste Pond to

determine what contaminants precipitated and collected in sediment underlying the surface

water.

FIELD SAMPLE

SAMPLE SAMPLE SAMPLE DATE

NOMPLE ?FEEPET‘I':; YYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD}
N-5D3 0.5 sediment grab 4/4/82 F, POgqs S04, Na ni, zp




& Erter

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-5D4
SITE TYPE Ditch
SCREENED INTERVAL N/A
DEPTH TO WATER (FEET] dry

GROUND ELEVATION (FEET) _not determined

LOCATION Radiological storage area

REASON FOR SAMPLING Sampled sediment being carried out of radiological storage
and disposal area to determine if any radionuclides were migrating in surface-water
runoff.
FIELD SAMPLE

Soupce | peerh | saveie | sawee | oate

N-SD4 0.5 sediment [ grab 5/26/82 None above LOD




& Erter

The Earth Technology Corporaiion

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S-sol
SITE TYPE ditch
SCREENED INTERVAL N/A
DEPTH TO WATER {FEET) dry

not determined

GROUND ELEVATION (FEET)

LOCATION 103,026, 0 Northing: 1,772,395,50 Easting (Utah State Plane, Central

Zone}

Sediment sample from dry wash on southern boundary to

REASON FOR SAMPLING
determine if contaminants were migrating in surface-water flow from Area 2 or from

the burning grounds.

JELD SAMPLE SAMPLE SAMPLE DATE

MPL DEPTH

NOMELE \FEET) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS IABOVE LOD)
5-5D1 0.5 sediment | grab 4/4/82 NO3, PO4, S04, Na' As, Zn




& Ertac

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S-SD2
SITE TYPE ditch
SCREENED INTERVAL N/A
DEPTH TO WATER (FEET) dry

GROUND ELEVATION (FEET) _Not determined

703.551.0 Northing, 1,770,113.20 Easting (Utah State Plane, Central Zone)

LOCATION

REASON FOR SAMPLING _____Sediment sample from dry wash on southern boundary between
Sample taken to determine if contaminants were migrating by

wells S-4 and S-5,

surface-water runoff from burning area.

SAMPLE Fatrid e SAMPLE SAMPLE DATE

L DEPTH

NUMBER (FEET) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
§-5D2 0.5 sediment | grab 4/4/82 c1, NO,: SO,, Na, ag, Ni, 2Zn




& Ertac

The Earth Technaiogy Corparabon

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S5-SD3
SITE TYPE ditch
SCREENED INTERVAL N/A
DEPTH TO WATER (FEET) Ary

GROUND ELEVATION (FEET) _not taken
LOCATION 719,917,60 Northing; 1,754,507.60 Easting (Utah State Plane, Central Zone)
Sediment sample taken from drainage ditch ceoming from Area T0

REASON FOR SAMPLING -
on_west side. Sampled to determine if any contaminants coming out at Area 10, dead

coyote at site.

SasDe SAMPLE SAMPLE SAMPLE DAT
APL DEPTH E
NUMBER (FEPET, TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)

S-SD3 0.5 sediment{ grab 4/4/82 Cl, NO3, SO4., Na , as, 2n




& Ertar

he Earth Technology Corporation

SITE IDENTIFICATION

SITE TYPE

SCREENED INTERVAL

o

DEPTH TO WATE

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

S-SD4

ditch

N/A

{FEE

!

Avr
GLy

GROUND ELEVATION (FEET) Dot taken

723,779.20 Northing; 1,749,657.70 Easting {Utah State Plane, Central Zone)

LOCATION

REASON FOR SAMPLING Sediment sample taken from drainage ditch in northwest quarter.

—Sample taken to determine if contaminants migrating across depot by surface-water

flow.
FIELD SAMPLE
SAMPLE DEPTH SAMPLE SAMPLE DATE
NUMBE R (FEET) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD]|
S-5D4 0.5 sediment] grab |4/4/82 Zn, C1, SO,, Na .
4 ,_As, Ni




& Erter

The Earth Terhnoiogy Corparation

SITE IDENTIFICATION
SITE TYPE

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SCREENED INTERVAL

DEPTH TO WATER (FEET)

GROUND ELEVATION (FEET)

not taken,

ground-surface level

LOCATION 792,581,50 Northing; 1,750,701.40 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING _____ Surface-water sample taken from laundry effluent near TNT

washout pond.

This effluent is the mechanism for carrying TNT down through unsat-

urated zone. Sample taken to determine contaminants and characterisitics of

this effluent.

High value in gazard Ranking System.

;2kaE SAMPLE SAMPLE SAMPLE DATE

Nudatn ﬂ%??i T METHOD | sambicp CHEMICAL CONSTITUENTS (ABOVE LOD}
surface

NSW-1 0.5 water grab 4/5/82 Ni, Zn, RDX, C1l, F, NO,, SO,, Cr, Cu, Ib
surface

NSWl-R| 0.5 water grab 6/23/82| Na , 111TCE




= Ertac

The Earth Technology Corparation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-SW2

SITE TYPE pond

SCREENED INTERVAL N/A

DEPTH TO WATER (FEET) surface water

GROUND ELEVATION {FEET) __ ot taken, approx. 10' below ground surface

LOCATION 805,676.90 Northing; 1,760,645,90 Easting (Utah State Plane. fentral Zaone)

REASON FOR SAMPLING Surface-water sample taken from industrial waste pond directly

above sediment sample. Sample taken to determine contaminants in pond and for

comparison of concentrations found in water versus sediment in equilibrium with the

water. High value in Hazard Ranking Svstem.

FIELD SAMPLE
P TH SAMPLE SAMPLE DATE
laﬁ'MABléEi I(DFEEPETD VPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
urface ) .
N~-SW2 Q.5 water qrab 4/14/82 Ni, Z2n, TETRYL*, RDX*, CYN, Qil/Greas

Cl, F, NO3, PO4, Be, Cd, Cr, Cu,

Pb, Na, 24DMPN

* interferences present




& Ertar

The Earth Technology Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-5SW3
SITE TYPE lagoon
SCREENED INTERVAL N/A

surface water
DEPTH TO WATER (FEET)

GROUND ELEVATION (FEET) __3PProx. 4665

LOCATION _B00,252.60 Northing; 1,759,866.10 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Surface-water sample taken from northwest corner of sewage

lagoon. Sample taken to determine contaminants in lagoon, because approx. 50 gpm

leaking into aguifer. High value in Hazard Ranking system.

FIELD SAMPLE

SAMPLE DEPTH SAMPLE SAMPLE DATE

NOMBE R e TYPE METHOD | sampiin CHEMICAL CONSTITUENTS (ABOVE LOD)
surface

N-SW3 | 0.5 water grab 6/23/82 | cyn, c1, PO , SO, , Na, gross beta

Zn, Cu, pyrnpeg




& Ertar

The Earth Technolagy Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S-SwW1
SITE TYPE pond

SCREENED INTERVAL N/A

DEPTH TO WATER (FEET) surface water

GROUND ELEVATION (fEET) _not taken; ground level

LOCATION 705,899,300 Northing; 1,760,083.10 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Surface~water sample taken from crater. Sampled to determine

if contaminants migrating across Depot by surface water runoff. This crater was a

collection point for a large runoff area.

;:E%?E SAMPLE SAMPLE SAMPLE DATE

M DEPTH

NUMBER (FEET) TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS {ABOVE LOD)
surface

S-SW1 0.5 water grab 4/6/82 As, Ni, Zn, Cl, NO,, 80,, Cr, Cu, Pb
surface

S-SWiR | 0.5 water grab 6/24/82 | Ag, Na, gross alpha, gross beta




= Erter

The Earth Technaiogy Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S~SW2

SITE TYPE Surface Water
SCREENED INTERVAL N/A
DEPTH TO WATER {FEET) not taken, approx. same as level in Well 5-6

GROUND ELEVATION (FEET) __2PPrOX. same as water level in S-6

LOCATION _705,358.80 Northing; 1,759,287.50 Easting {Utah State Plane, Central Zone)

REASON FOR SAMPLING Surface-water sample taken from standing water in crater near

Well s-6.

This water is probably hydrologically connected to groundwater since it

is at approximately same level as water in Well S-6. Sample taken to determine if

contaminants in water and to compare to S-6.

FIELD

SAMPLE

SAMPLE DEPTH SAMPLE SAMPLE DATE

NUMBER (FEET) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LGD}
surtace ——

S-sw2 | 0.5 water | grab 4/15/82 Pb, €1, F, SO, ¢d, Cr, Cu, As,

Ag, Na, gross alpha
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S-SW3

SITE TYPE ditch
SCREENED INTERVAL N/A

DEPTH TO WATER (FEET) surface water

not taken; approximately ground level

GROUND ELEVATION (FEET)
not surveyed, west side of CAMDS

Surface-water effluent from CAMDS. Sample taken to determine

Very close to ground water here. Also,

LOCATION

REASON FOR SAMPLING

if any contaminants in CAMDS effluent.
High value in Hazard Ranking System.

numerous dead rabbits discovered.

FIELD SAMELE SAMPLE SAMPLE DATE
SAMPLE DEPTH CHEMICAL CONSTITUENTS [ABOVE LOD)

NUMBER (FEET} TYPE METHOD SAMPLED

surface
S-sWw3 | 0.5 water | grab 5/4/82 |2n, C1, NO, PO, SO,, Na oy
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-1
SITE TYPE Surf
SCREENED INTERVAL N/A
DEPTH TO WATER (FEET) dry

GROUND ELEVATION (FEET) __nhot taken
LOCATION

REASON FOR SAMPLING Soil sample taken in northeast quarter of north area. Sample
taken as first soil sample for Well N-1, which was deleted as unnecessary. This

sample measures contaminants in upper soil from spill from industrial pend. High

value in Hazard Ranking System.

SAMPLE Pt SAMPLE SAMPLE DATE

rM

NUMBER Feet) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
GS-1 0.5 scil grab 4/’4/’82 Cl, ‘D‘l'OB, P04, 804 , As, Nl, Zn




& Erter

The Earth Technoiogy Corparation

SITE IDENTIFICATION

SITE TYPE

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

N-2a

Bore

SCREENED INTERVAL
DEPTH TO WATER (FEET)
GROUND ELEVATION (FEET)

LOCATION

grouted to surface

dry

4679.

19

B06,047.12 Northing; 1,760,638, 30 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING

Boring drilled g,e soil samples and groundwater samples.

Soil

not suitable for analysis.

Hit bedrock; no groundwater.

Drilled to sample perched

zone from industrial pond.

FIELD
SAMPLE
NUMBER

SAMPLE
DEPTH
{FEET)

SAMPLE
TYPE

SAMPLE
METHOD

DATE
SAMPLED

CHEMICAL CONSTITUENTS (ABOVE LOD)

NONE

TAKEN
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-2B

SITE TYPE bore

SCREENED INTERVAL capped bore, no screen
DEPTH TO WATER (FEET) dry

GROUND ELEVATION (FEET) _4679.19

LOCATION 806,047.12 Northing; 1,760,638.30 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Re-drilling of Boring N-2A. No samples suitable for collection.
FIELD SAMPLE
SAMPLE
Nompen | DERTH YL METHoD | seDATE CHEMICAL CONSTITUENTS (ABOVE LOD)

NGNE TAKEN
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-2C
SITE TYPE well
SCREENED INTERVAL 26.2 to 96.4
DEPTH TO WATER (FEET) 87.9

GROUND ELEVATION (FEET) _4681.1
LOCATION _B805,581.30 Northing; 1,760,825 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well drilled to sample perched zone coming from seepage of
industrial waste pond. Approximately 50 gpm seeping into ground. Very high wvalue

in Hazard Ranking System.

ey Pty SAMPLE | sampLE DATE
NOMELE Pl TYPE METHOD | samPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
ground
N-2C 93 water pump 6/24/82 | c1, F, PO,, Na, 2,4,6-TNT*

As, Ni, 2n, Cr, Pb, 12DCLE, T12DCE,

111TCE, TRCLE

* interference present
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SITE SUMMARY SHEET — TOQELE ARMY DEPOT.

SITE IDENTIFICATION

N-3A

SITE TYPE

well

SCREENED INTERVAL

297.8 feet to 337 feet (bottom of well)

DEPTH TO WATER (FEET)

4471.9 feet (from ground surface)

GROUND ELEVATION (FEET)

4726.82 feet (top of protective casing); 4723.9 {ground surface)

LOCATION _792,717.36 Northing; 1,750,641.41 Easting (Utah State Plane,

Central Zone)

REASON FOR SAMPLING

Well N-3A is located down-gradient of the TNT washout ponds and

is near an active effluent discharge.

The TNT washout area was the second most

important area for investigation as determined by the Hazard Ranking System.

FIELD SAMPLE

SSF;:EE% l".‘)FEEPETTI-: S‘;':‘:'E—E NEVPLE s Am,[’éu CHEMICAL CONSTITUENTS (ABOVE LOD)
Gs-1 1.0 sediment | grab 2-27-82 éii: %%i,N%%h%’%jzﬁng%&s-gggf
ss-3 | 10.75 |soil Sooon | 2-27-g2 RDX

§5-5 20.75 |[soil zgééﬁ 2-27-82 | RDX

§s5-7 30.75 soil igéé; 2-27-82 | none above LOD

S5-9 | 40.75 | soil iﬁiiﬁ 2-27-82 | 2,4,6-TNT

ss-11 | 50.75 | soil fgiﬁﬁ 2-27-82 | 2,4-DNT

$s-13 | 60.75 soil Sgéégn 2-27-82 | RDX

55-15 | 70.75 | soil S?liﬁ 2-27-82 | RDX

$s-17 | 80.75 | soil Sg;ign 2-27-82 | RrDX

ss-19 | 90.75 | soil split 2-27-82 | RDOX

55-22 [100.75 soil igii: 2-27-82| None above LOD

55-30 {138.75 soil sPéégon 2-27-82| None above LOD

N-3A 252 groundwater pump  4-5-82  Ni, zn, RDX, CI, T, NO3, S04, Cr, Pb

Na, gross beta




& Erter

The Earth Technolegy Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-38
SITE TYPE Well
SCREENED INTERVAL 36.8 to 56.4 feet
DEPTH TO WATER (FEET) 30.9

GROUND ELEVATION (FEET) _4724.1
LOCATION _792.714.92 Northing; 1,750,651.21 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well drilled to intercept perched zone discovered when drilling
well N-3A. Sampled to determined contaminants in perched zone.

JAELD. SAMPLE sampLe | sampLE DATE
AMPL DEPTH
SAMPLE DEPTH TYPE veThon | sty CHEMICAL CONSTITUENTS [ABOVE LODI

round
N-3B [ 3Q.3 to gwater bailed |6-23-82| C1, F, NO,, SO,, Na, Gross beta

As, 2Zn, Cr, Cu, 46DN2C
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-4

SITETYPE

Well

SCREENED INTERVAL 193.1 o 208 feet

191.3 feet

DEPTH TO WATER (FEET)

GROUND ELEVATION (FEET) . 4662.6

LOCATION _801,178.63 Northing; 1,759,476.34 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well N-4 is located 1200 feet north-northwest of the sewage
lagoon. It is re-located and combined with N-1.

Sampled to determine if contami-

nants in ground-water from sewage lagocn and landfill sources. High value in

Hazard Ranking System.

SAECE Erdes SAMPLE SAMPLE DATE
AM DEPT
NOMBER ‘FEPETH. TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
ground
N-4 196 water pump 6/24/82 | Cl, ¥, NO,, SO,, Na, Gross beta

Ni,

Zn, TRCLE
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-6

SITE TYPE Wwell

SCREENED INTERVAL 633.1 to_692 feet
DEPTH TO WATER {FEET) dry

GROUND ELEVATION (FEgT) 20919

LOCATION _720,948,05 Northing; 1,732,581.60 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING N-6 is located cn ridge overlooking chemical range. Drilled

to sample chemical range, burning areas, and demolitien range. Well dry- drilled
to 704 feet.

ATIL OEARLE SAMPLE SAMPLE DATE
SAMPLE DEPTH
NUMBER rEen TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)

_

NONE TAKEN
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION N-7

SITE TYPE bore

SCREENED INTERVAL capped bore, no screen
DEPTH TO WATER (FEET) dry

GROUND ELEVATION {FEET} _4853.3
LOCATION __787,720.53 Northing; 1,757,957.54 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well N-7 was drilled on the southern boundary to determine

background concentrations coming across boundary from chemical cperations near

Stockton Bar. Well not complete - low priority.

samce | SAMPLE | cameie | sampie DATE
ARPL DEPTH
SameLe pepTH TYPE METHOD | sambiep CHEMICAL CONSTITUENTS (ABOVE LOD}
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SITE IDENTIFICATION

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

N=-82

well

SITETYPE

SCREENED INTERVAL

53.9 to 73.6 feet

dry

GROUND ELEVATION (FEET)

LOCATION _813,744.46 Northing;

4471.9

1,752,850.25 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING
zone possibly resulting from Industrial Waste Pond.

Well N-8A drilled along north boundary to locate possible perched

Well dry - no perched zone.

sf\'ra'ﬁoe ARl E SAMPLE SAMPLE DATE

L DEPTH

NUMBE R (FEET) TYPE METHOD | sampPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
NONE TAKEN
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SITE IDENTIFICATION

SITE TYPE

SCREENED INTERVAL
DEPTH TO WATER (FEET)
GROUND ELEVATION (FEET)

LOCATION

REASON FOR SAMPLING

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

N-8B

well

240,73 to 280.0 feet, 181.76 to 201.37 feet

168.9 feet

4472.3

813,744.6]1 Northing; 1,752,833.47 Easting (Utah State Plane, Central Zone)

—Well N-8B is on northern boundary. This well was drilled

to_sample water leaving boundary at Depot in area most likely to be contaminated.

Two separate screens placed to sample two possibly separate aquifers.

FIELD SAMPLE
SAMPLE DEPTH SAMPLE SAMPLE DATE
SAMPLE DErTH TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
———
ground ; B
N-8B-1] 190 water pump 5/3/82 1 Ni, Zn, 0il/Grease, C1, NO3, S04, Wa ct
ground )
N-8B-2] 260 water pump 5/3/82 | Ni, 2Zn, C1, NO., S0,, Na
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SITE SUMMARY SHEET — TOQELE ARMY DEPOT.

SITE IDENTIFICATION 5-1

SITE TYPE well

SCREENED INTERVAL 10.3 to 20.2 feet
DEPTH TO WATER (FEET) 8.0 feet

GROUND ELEVATION (FEET) _2PPIoX. 5038
LOCATION _711,679.69 Northing; 1,758,523.04 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-1 is located downgradient from the CAMDS facility

effluent. It is sampled to determine if any contaminants are entering the

groundwater from the effluent and if any previous contamination is present and being

leached into the ground-water. High value in Hazard Ranking System.

FIELD SAMPLE
SAMPLE DEPTH SAVELE MeRLE SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
55-2 5.8 soil splitspoop 5/27/82] €1, SO4, Na, As, Wi, Zn_ pgp
Ss5-3 10.6 soil Eplitspooh 5/27/82] C1, SO4, Na, Zn, As , DEP
Ss-4 15.6 soil splitspoon 5/27/82| C1, 504, Na, As, 2n
SS-5b [20.7 soil plitspooh 5/27/82| c1, F, S04, Na, As, Zn_ DEP
ground Be, Cu, Na, Cr
S-1 12 water pump 6/24/82} CYN, Ca, F, NO,,S0,, gross beta, As
ground

S-1dup | 12 _water pump ©/24/82
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SITE SUMMARY SHEET — TOOELE ARMY DEPOQT.

SITE IDENTIFICATION $-2

SITE TYPE well

SCREENED INTERVAL 56.5 to 76.2 feet
DEPTH TO WATER (FEET) 37.8 feet

GROUND ELEVATION (FEET) . _2245-8

LOCATION 713,531.22 Northing; 1,770,461.39 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-2 ranked high in our Hazard Ranking System because

of a no-longer-existing pond and Bldg. T-600 where there was a very high probability
of contamination.

FIELD SAMPLE

NombeR | DERTH SOVPET | Samene | DATE CHEMICAL CONSTITUENTS (ABOVE LOD)
88-2 5.5 soil splitspoch 2/19/82 2n, C1, NO, ,PHEND6
SS-6A| 25.3 soil splitspoch 2/19/82 cC1, NG, 7n , Na
85-101| 45.8 soil splitspoop 2/19/824 C1, NO3 , Zn, Na
' IS
ground
S-2 65 water pump 4/29/82 Zn, C1, NO,, SO,, Na, gross alpha (,
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION s-3
SITE TYPE well

SCREENED INTERVAL 24.0 - 43.6 feet
DEPTH TO WATER (FEET) 26.85 feet

GROUND ELEVATION (FEET) __5051.3
LOCATION 716,593.32 Northing; 1,756,677.58 Fasting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-3 is located on the south boundary of Area 10.

Groundwater was sampled to determine if contaminants were leaching from the gravel

pit_inside Area 10 where mustard was burned and buried. High value in

Hazard Ranking System

SF'E;L,DE SAMPLE SAMPLE SAMPLE DATE
AMPL DEPTH
NUMBER (FEET) TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
ground
§-3 32 water pump 4/29/82 As, Ni, 2Zn, C1, ¥, SO,, Na, gross betg
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION 5-4

SITE TYPE well

SCREENED INTERVAL 64.0 to 83.6 feet
DEPTH TO WATER (FEET) 58.3

GROUND ELEVATION (FEET) ___5064.0

LOCATION _703,646.17 Northing; 1,770,955.03 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-4 is located on the southern boundary due scuth of

the burning or demilitarization area. Samples taken from Well S-4 monitor the

groundwater immediately before leaving the depot. High value in Hazard Ranking

System.
FIELD SAMPLE
AMP SAMPLE SAMPLE DATE
I\siUMB:_Ef? ?FEEPETH TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)

JL

58.4 to | ground
S-4 61.0 water bail 5/2/82
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION 5-5

SITE TYPE well

SCREENED INTERVAL 12 .6 tn 57.6 feet
DEPTH TO WATER (FEET) 71.5 feet

GROUND ELEVATION (FEET) —_2048.6

LOCATION _703,623.07 Northing; 1,768,779.69 Easting, (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-5 is located on the southern boundary due south of the

burning or demilitarjzation area. Samples taken from Well S-5 monitor the ground

water immediately before leaving the depot. High value in Hazard Ranking System.

SAMBLE pyaa SAMPLE SAMPLE DATE
MPL DEPTH
NUMBER FEET) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)

ground
5-5 42 water | pump 5/2/82 As, Zn, Ci, F, NO,, 50,, Na, gross befa
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION 5-6

SITE TYPE well

SCREENED INTERVAL 15.25 to 34.93 feet
DEPTH TO WATER (FEET) 17.3 feet

GROUND ELEVATION (FEET) — 5036.9
LOCATION _705,205.60 Northing; 1,759,265.33 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-6 was drilled among the high explosive test craters to

determine if any contaminants are entering the ground water from these sources. High

value in Hazard Ranking System.

SFIELEE SAMALE SAMPLE SAMPLE DATE
AP DEPTH
NUMBER (FEET, TYPE METHOD SAMPLED CHEM'CAL CONSTITUENTS (ABOVE LOD'
ground
S-6 25 water pump 1/28/82 As, 2n, Cl1, F, S0,, Na, gross beta
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SITE IDENTIFICATION

SITE TYPE

SCREENED INTERVAL
DEP‘.'H TO WATER (FEET)
GROUND ELEVATION (FEET)
LOCATICN

REASON FOR SAMPLING

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

S-7

well

32.0

o 51.61 feet

26.5

feet

5045 0

207,517.53 Northing: 1,762,771.55 Easting (Utah State Plane Central Zonel

Well S-7 is located among the high explosive-test craters

and also downdradient from the windrows where explosives and other materials were

burned and buried.

High value in Hazard Ranking System.

FIELD SAMPLE
SAMPLE DEPTH SAMPLE SAMPLE DATE
NUMBER (FEET) TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
5-7 35 ground
- water | pump 5/4/82 As, Ni, 2n, C1, F, NO,, SO,, Na, gross
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SITE IDENTIFICATION

SITE TYPE

SCREENED INTERVAL
DEPTH TO WATER (FEET)
GROUND ELEVATION (FEET)

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

S5-8

well

65.0 to 84.6 feet

73.9 feet

5187.4

LOCATION _716,538.06 Northing; 1,771,207.81 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING

to determine if contamination has occurred from the operations from Bldgs. 554

Well 5-8 is located south of Bldg. 553.

It was drilled

and 553, the holding pond (dry) at Bldg 554, and the current effluent from Bldg.

553.
FIELD SAMPLE
AMP
SAMPLE I(JFEEPET;; SAMPLE SAMPLE SAMPLE CHEMICAL CONSTITUENTS (ABOVE LOD)
SS-4 15.7 soil splitspoop 3/2/82) Cl1, S04, PHEND6, Na, As, Ni, Zn
S5-9 40.8 soil splitspoop 3/2/82| Cl, F, NOj, SO4, Na, pg, Ni, Zn
55-12 55.8 soil splitspooph 3/2/82| Cl1, PHENDS, Na, as, 2Zn
55-14 65.5 soil splitspooh  3/2/82f C1, NO,, SO, Na, zp
S5-17 80.5 soil splitspoon 3/2/82] c1, NO3, DEP, Na,6 gz,
round
5-8 80 I ater pump 5/4/82] 2Zn, Cl, NO;, SO,, Na
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SITE IDENTIFICATION

SITE TYPE

SCREENED INTERVAL
DEPTH TO WATER (FEET)
GROUND ELEVATION (FEET)

LOCATION

REASON FOR SAMPLING

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

5-9

bore

capped bore - no screen

dry

5098,1

706,750.40 Northing; 1,770,801.65 Easting (Utah State Plane, Central zZone)

Boring S-9 was originally drilled to monitor ground water

entering the Demilitarizing Area from Area 2, to determine the background level

of contaminants entering this area.

Reached 110 feet and discontinued drilling because

did not reach ground water.

FIELD
SAMPLE
NUMBER

———

SAMPLE
DEPTH SAMPLE
(FEET) TYPE

SAMPLE
METHOD

DATE
SAMPLED

CHEMICAL CONSTITUENTS [ABOVE LOD)

NONE TAHEN

—
—
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION s-10

SITE TYPE well

SCREENED INTERVAL 70.0 to 89.6 feet
DEPTH TO WATER (FEET) 67.7 feet

GROUND ELEVATION (FEET) __2122.5
LOCATION _710,354.72 Northing; 1,772,880.39 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Well S-10 was drilled downgradient of Area 2 and several
chemical and agent spills to determine if any contamination occurred from these

sources. High rank in Hazard Ranking System.

AEL i SAMPLE SAMPLE DATE
NOMEEE riris TYPE METHOD | SamMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
ground .
s-10 75 water | pump 5-2-82 Zn, Cl, NO., SO,, Na, ¢y

4
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SITE SUMMARY SHEET ~ TOOELE ARMY DEPOT.

SITE IDENTIFICATION S-11

SITE TYPE bore

SCREENED INTERVAL grouted to surface
DEPTH TO WATER (FEET) dry

GROUND ELEVATION (FEET) 5350.2

LOCATION _721,052.29 Northing: 1,778.382.10 Easting (Utah State Plane, Central Zone)

REASON FOR SAMPLING Boring S-11 was drilled to monitor the unsaturated zone near

the new sanitary landfill to determine if centaminants were migrating towards
the water table.

FIELD SAMPLE SAMPLE SAMPLE DATE

SG&:;EE ?FEEPJH TYPE METHOD SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
Cs-1 17.5 soil splitspoon 2/22/82] 1, NO;, SO,, PHENDS Zn. Na
Cs-2 | 37.0 soil pplitspooh 2/22/82| C1, NO3, SO4, PHENDG, zy, Na
SS-16| 76.2 soil splitspooh 2/22/82| zn, C1, 504, Na
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION S-12

SITE TYPE well

SCREENED INTERVAL 34.0 to 38.9 feet
DEPTH TO WATER (FEET) 31.0 feet

50511

GROUND ELEVATION (FEET)

LOCATION 203,409 15 Northing: 1,750,876.23 Easting {Utah State Plapne Central Zane)

REASON FOR SAMPLING Well S-12, originally designed as a cluster well, monitors _

groundwater flow off the depot at the most likely site of contamination from

several upgradient sources including craters and CAMDS. Only one well drilled due

to cost constraints. Also, Well S-12 is possibly in a ground water discharge area.
FIELD SAMPLE
£ SAMPLE SAMPLE DATE
Sﬁu;}sn ?FEEPETH TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)
s-12 | 30 9%388¢ | paileq 4/28/82 | As, C1, F, NO3, SO, Na, gross beta
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SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION 5-14

SITE TYPE well

SCREENED INTERVAL 12,0 to 31.6 feet
DEPTH TO WATER (FEET) 10.65 feet
GROUND ELEVATION (FEET) —_5935.9

LOCATION __712,585.81 Northing; 1,749,578.90 Easting (Utah State Plane, Central Zone)

Well S-14 was drilled on the west boundary to monitor

REASON FOR SAMPLING
groundwater flow going off the depot downgradient of sources such as Area 10 and

pcssibly CAMDS. Well S-14 is possibly in a groundwater discharge area.

AMECE SeArLE SAMPLE SAMPLE DATE
SAMP DEPTH
NomEEE At TYPE METHOD | sampizp CHEMICAL CONSTITUENTS (ABOVE LOD)
ground
5-14 15 water | pump 5/2/82 | As, Ni, 2n, 0il/Grease, Cl1, F, S04

Na, gross beta




& Erter

The Earth Technalogy Corporation

SITE SUMMARY SHEET — TOOELE ARMY DEPOT.

SITE IDENTIFICATION §-15

SITE TYPE hore

SCREENED INTERVAL grouted to surface
DEPTH TO WATER (FEET) drv

GROUND ELEVATION (FEET) — 5311.8

LOCATION _722,522.46 Northing; 1,772,879.80 Easting (Utah State Plane Central Zone)

REASON FOR SAMPLING Boring $-15 was drilled to determine if contaminants were

leaching from the o0ld landfill source. No samples suitable for analysis were

collected.
FIELD SAMPLE
SAMPLE SAMPLE DATE
NOMBES Tk TYPE METHOD | SAMPLED CHEMICAL CONSTITUENTS (ABOVE LOD)

—

NONE TAKEN






